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© Hybrid Interferon*. 

© N ove. h y b,io intern, are priced which .re derived interferon, p«« va.uab.e .mivira. end entiprcM.ret.v. 
uim lymphoblastoid interferon. «.-2 end o-3 belon B ine to the property 
interferon oB end oD group*, reepectively. The novel hybnd 
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Hybrid interferons 

The invention concern* novel hybrid interferons, the microbial 
production thereof vie recombinant DNA technology, and their use for 
the treatment of viral and neoplasticdiseasee . 

The interferons ("IFNs") are a family of polypeptides secreted by a 
large variety of eukaryotie cells upon exposure to various mitogens 
end viruses. The interferons hsve been classified by their ehemieal 
and biological characteristice into three groups: IFN-o. IFN-B, and 
IFN-y. IFN-o and 8 genea are expressed predominantly in cells 
treated with viruses, viral constituente and double stranded RNA. 
1FN-7 on the other hand, is aynthe.ized in response to mitogens. 

Human IFN-o is coded for by a gene family comprising at least 15 
non-allelic genes. Human IFN-8 end human IFN- 7 are encoded by aingle 
ge „.a. The primery translation product of IFN-o comprieea 189 emino 
eclds (except IFN-o 2 : 188 amino acids), from vhich a signal 
peptide of 23 amino acids ia removed by post-tranalational 
modification. Human IFN-8 and human IFN-y consist of 187 and 186 
amino acids from vhich 21 or 20 amino acids constituting the signal 
peptides are removed. The amino acid sequence homology an.ong IFN-a 
eubtypee is 80-85 * vhereas the homology between 1FN-B and IFN-o 
is ebout 30-40 X. 1FN-T shove only aingle amino acid homologies 
with IFN-o, corresponding to 12 % identical reaiduee. 

The I FN a exhibit antiviral, ii.munos.odul story , aa well aa cytotoxic 
activities. It has be n demonatrated that IFN-a aubtypes (e.g. 
IFN-a 2 , IFN-o,) show different target cell apecif icities. The enti- 
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viral activity of IFN-o 2 and IFN-aj ie about the same on bovine 
(MDBK) cell*, but IFN-a* lo ©even time© ©ore affective than IFN-Oj 
on human (WISH) cells, end 30 timee leaa effective than IFN-tn in 
protecting mouse (L 929) cells. [M. Streuli et al., Proc. Natl. 
Acad. Scl. USA 21 » 2848 (1981) J. The evidence that members of the 
tnultlgene IFN-a family vary in the extent and specificity of their 
antiviral activity hafl been confirmed by results obtained from eome 
IFN-e f, hybrida M (cf- EP 32134, US 4,614.150). These "hybrids" have 
been constructed by cleaving tvo genes coding for interferons sub-* 
types with the restriction enzyme PvuII (or, in tvo cases, with 
Bglll) and cross-llgstlng the resulting fragments such that the DNA 
sequence coding for the amino terminal part of one IFN gene was 
fused to the DNA sequence coding for the earboxy terminal part of 
the other I FN gene. Although these hybrid Interferons exhibit 
changes in target cell specificity as compared to the parent 
interferons it was not demonstrated that there was any attenuation 
or any restriction of any of the three Interferon activities. Such 
attenuation or restriction may be desirable, for example, in 
clinical application where it is desirable to focus Interferon 
therapy on a particular problem such as viral Infection, without the 
possibility of complicating factors resulting from other activities 
of the administered interferon. 

It is thus an object of the present invention to provide novel 
hybrid interferons which show more specific biological activities 
resulting from the selective or predominant activation of only some 
of the lnterferon-lnduced biochemical pathways, and/or in which eome 
of the undesired side effects of natural interferons which limit 
their use, such ae inf ltsenza~llke symptoms (e.g. fever, headache and 
fatigue), gastrointestinal disturbances, decrease of blood pressure 
and loss of hair, are excluded or reduced. 

The hybrid Interferons according to the invention ar derived from 
human lymphoblastoid interferon LyIFN-o-2 having the sequence 
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and human lymphoblaetoid Interferon LyIFN-a-3 Having the sequence 
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These Interferons as well as methods for the preparation thereof 
have been described in European Patent Application No. 76,689. LylFN 
a-2 is related to (but not identical with) human leukocyte inter- 
feron LeIF-aB (cf. U.S. Patent 4 t M4,150) end has a specific 
activity on primary calf kidney cells and on human embryonic 
foreskin cells (HEF, each infected with vesicular stomatitis virus) 
of 1.85«10* IU/mg and 2.45-1Q* IU/mg, respectively. LyIFN-a-3 l e 
related to (but n t identical with) human leukocyte interferon 
LeIF-aD (cf. U.S. Patent 4,414,150) and has a specific sctlvity on 
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calf cell* and HEF cells (as above) f 1.32«10" lU/mg and 
3.7»10* IU/mg t respectively* Furthermore, LyIFN-o-3 hee a higher 
thermostability and lover antiproliferative activity than LyIFN-o-2. 

It la a particular object of the present Invention to provide 
LyIFN-o-2/o-3 hybrid polypeptides which combine the high antiviral 
tltre and/or the higher antiproliferative activity on human cells of 
LyIFN-o-2 and the high thermostability of LyIFN-a-3. 

Especially the invention relates to a hybrid interferon polypeptide 
having an amino acid sequence composed of two to four subsequences 
corresponding in amino acid identity and number to sub-sequences of 
human lymphoblsstold interferons LyIFN-o-2 and LyIFN-0-3, said 
hybrid interferon polypeptide being selected from the group consist- 
ing of a polypeptide having an amino acid sequence consisting of 
amino acids 1 to 150 of LyIFN-a-2 and amino acldB 151 to 166 of 
LyIFN-a-3, a polypeptide having an amino acid sequence consisting 
of amino acids 1 to 92 of LylFW-a-2, amino acids 93 to 150 of 
LyIFN-o-3 and amino acids 151 to 166 of LyIFN-a-2, and a polypeptide 
having an amino acid sequence consisting of amino acids 1 to 60 of 
LylFN-o-2, amino acids 61 to 92 of LyIFN-a-3 f amino acids 93 to 150 
of LyIFN-o-2 or of LyIFN-a-3 and smino acids 151 to 166 of LyIFN-o-2 
or of LyIFN-o-3. 

More specifically, the Invention relates to the hybrid interferon 
"BiBaBaDb" having the formula 
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— (I), 

to the hybrid interferon "BjBzDjB*" having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU CLY ASN ARG ARG ALA LEU ILE LEU 
LEU ALA GLN MET ARG ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE GLU PHE PRO CLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
GLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN THR PHE ASN LEU PHE 
SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR LEU LEU ASP CLU PHE 
TYR ILE GLU LEU ASP CLN CLN LEU ASN ASP LEU GLU ALA CYS VAL MET GLN 
GLU CLU ARC VAL CLY GLU THR PRO LEU MET ASN ALA ASP SER ILE LEU ALA 
VAL LYS LYS TYR PHE ARG ARG ILE IHR LEU TYR LEU THR GLU LYS LYS TYR 
SER PRO CYS ALA TRP GLU VAL VAL ARC ALA GLU ILE MET ARG SER PHE SER 
LEU SER ILE ASN LEU GLN LYS ARG LEU LYS SER LYS GLU 

(II). 



to the hybrid interferon "BiDaBjDi," having the formula 
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CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASN ARC ARC ALA LEU ILE LEU 
LEU ALA CLN MET ARC ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP GLU ASP LEU LEU ASP LYS PHE 
CYS THR GLU LEU TYR GLN GLN LEU* ASN ASP LEU GLU SER CYS VAL MET CLN 
GLU VAL GLY VAL ILE GLU SER PRO LEU MET TYR GLU ASP SER ILE LEU ALA 
VAL ARG LYS TYR PHE CLN ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP GLU VAL VAL ARG ALA GLU ILE MET ARG SER LEU SER 
LEU SER THR ASN LEU GLN GLU ARG LEU ARG ARG LYS GLU 

(III) . 

to the hybrid interferon "BiDjDjBi," having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASN ARG ARG ALA LEU ILE LEU 
LEU ALA CLN MET ARG ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE CLN LYS ALA 
GLN ALA ILE SER VAL LEU HIS GLU MET ILE CLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP GLU ASP LEU LEU ASP LYS PHE 
CYS THR CLU LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA CYS VAL MET GLN 
GLU CLU ARG VAL GLY GLU THR PRO LEU MET ASN ALA ASP SER ILE LEU ALA 
VAL^LYS LYS TYR PHE ARG ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER PRO CYS ALA TRP CLU VAL VAL ARG ALA GLU ILE MET ARG SER PHE SER 
LEU SER ILE ASN LEU GLN LYS ARG LEU LYS SER LYS GLU 

(IV) , 

to the hybrid interferon "B 1 D 2 D J Dt, M having the formula 
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CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASN ARG ARC ALA LEU ILE LEU 
LEU ALA GLN MET ARC ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 
ASP PHE GLU PHE PRO GLN GLU CLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP GLU ASP LEU LEU ASP LYS PHE 
CYS THR GLU LEU TYR GLN GLN LEU ASN ASP LEU GLU ALA CYS VAL MET GLN 
GLU GLU ARG VAL GLY GLU THR PRO. LEU MET ASN ALA ASP SER ILE LEU ALA 
VAL LYS LYS TYR PHE ARG ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER PRO CYS ALA TRP GLU VAL VAL ARG ALA GLU ILE MET ARG SER LEU SER 
LEU SER THR ASN LEU GLN GLU ARG LEU ARG ARG LYS GLU 

(V), 

and to the hybrid interferon "BjDsBjBu" having the formula 

CYS ASP LEU PRO CLN THR HIS SER LEU GLY ASN ARG ARG ALA LEU ILE LEU 
LEU ALA GLN MET ARG ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE GLU PHE PRO GLN GLU CLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP. GLU ASP LEU LEU ASP LYS PHE 
CYS THR CLU LEU IYR CLN GLN LEU ASN ASP LEU GLU SER CYS VAL MET CLN 
CLU VAL GLY VAL ILE GLU SER PRO LEU MET TYR GLU ASP SER J LE LEU ALA 
VAL ARC LYS TYR PHE GLN ARC ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP CLU VAL VAL ARG ALA GLU ILE MET ARG SER PHE SER 
LEU SER ILE ASN LEU GLN LYS ARG LEU LYS SER LYS GLU 

(VI). 

The »oet_ preferred hybrid in£erf erone according to the invention are 
' , BJDlB^D» ,, (V) and w B,B s DjB*"(II) . 

A hybrid interferon according to the invention can be prepared by 
recombinant DNA technique comprieing the etepa, for example, of 
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a) preparing a DNA comprising the structural gene coding for eald 
hybrid Interferon by In vitro recombination at the sites correspond* 
ing to amino acids 60, 92 and 150, respectively, of Interferons 
LyIFN-o-2 and LyIFN-o-3 or by chemical DNA synthesis and incorporat- 
ing the obtained DNA into an appropriate expression vector, 

b) transferring the obtained hybrid vector carrying the hybrid. I FN 
structural gene into a recipient host, 

c) selecting transformed hosts from untransf ormed hoBts, usually by 
culturing under such conditions vhere only the transformed hosts 
survive, 

d) culturing the transformed hosts under conditions which allow 
expression of the hybrid 1FN structural gene, and 

e) isolating the expressed hybrid I FN* 

The methods applied will become more apparent from the detailed 
description which follows and from the accompanying drawings in 
which: 

Fig. 1 compares the amino acid sequences of mature LyIFN-a-2 and 
LyIFN-o-3. Only those amino acids of LyIFN-a-3 which differ from 
corresponding amino acida of LylFN-e-2 are depicted. The amino acid 
sequence of LylFN-o-3 la otherwise identical to that of LyIFN-o-2. 

Fig. 2 depicts the nucleotide sequences of the coding regions and 
parts of the 3'extracistronic regions of LyIFN-o-2 and LyIFN-a-3. 
Th ATC translation initiation codons, the termination triplets and 
convenient restriction Bites ere underlined. The coding triplets 
are numbered. 

Fig. 3 Bhows the restriction maps of the Hindlll-Fstl small segments 
of plasmlds pBR(AP) /LylFN-o-2 and pBR(AP) /LyIFN-o-3. The white bar 
(LyIFN-o-3) and black bar (LyIFN-o-2) delimit the coding regions 
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of the nature IFNe. At the bottom the subdivision of the primary 
structure of I FN polypeptide (166 amino acids) int four s ctiona is 
shown. 

Fig. 4 and Fig. 5 show the radioactivity bound to the carrier bead 
in function of the quantity of lFH-o-2 in the test solution measured 
in a sandwich RIA. 

• 

1. Preparation of hybrid vectors containing a hybrid 1FK structural 
Rene 

The cDNAb of human interferon-o subtypes o-2 and et-3 have been 
cloned in E. cell . Thus, plaemid pB*(AP)/LyIFN-c-2 and 
pBR(AP)/LyIFN-o-3 include Hindlll-PstI (or EcoRl-PstI) DNA inserts 
containing the coding regions of LyIFN-o-2 and LyIFN-a-3 under the 
control of the B-lectamase promoter (cf. European Patent Application 
No* 76,489). The restriction saps of said inserts are depicted in 
Fig. 3. It can easily be seen that the genes share some common 
restriction sites (located at positions 60, 92 and 150 of the I FN 
amino acid sequences) which can be used advantageously to construct 
novel genes coding for hybrid interferons having favourable bio- 
logical and/or physical properties. 

Thus, recombinants (single or multiple exchanges) between LyIFN-o-2 
and LyIFN-o-3 genes can be generated by in vitro recombination at 
the PvuII site (position 92) and/or at the Sau3A sites (positions 60 
and 150). Since the primary structure of the interferona can thus be 
divided into 4 sections (first section amino acids 1 to 60, second 
section amino acida 61 to 92, third eection amino acide 93 to 150 
and fourth section amino acids 151 to 166, see Fig. 3), the hybrid 
interferons of the present invention can be designated by four 
letters each letter being indicative of the section present. Thus, 
for example, hybrid interferon (I) being composed of sections 1 to 3 
of interferon LyIFH-o-2 ("B", LyIFN-o-2 is related to IFN-oB, supra) 
end aection 4 of LylFN-o-3 ("D", LyIFN-e-3 is related to IFN-oD. 
supra) is designated I FN "BiBzBaD*," . 
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In ord r to facilitat the production of the desired hybrid Inter- 
feron th DNA Inserts containing the LyIFN-o-2 end LyJFN-a-3 coding 
regions, respectively, heve t be modified In such e manner that for 
religatlon purposes the restriction sites Hlndlll (or EcoRI), PvuII 
end PstI are unique to then. It Is evident Iron Fig. 3 that there Is 
an additional PvuII site in the 3' extracletronic region of the gene 
coding for LyIFN-o-2. This site can easily be removed, for example 
by partial cleavage of a hybrid vector containing the LyIFN-o-2 
coding region with PvuII * Ilgatlng the resulting linearized DNA to a 
linker contslnlng a DNA sequence which is recognized by the restric- 
tion endonuclease PstI v cleaving with PstI, rellgating the digests 
at low DNA concentration and selecting for plasmids (e.g. by 
restriction analysis) having the desired modification, viz. a 
shortened 3'extracietronic region with the PvuII site eliminated. 
Analogously* vectors used to clone IFN genes are advantageously 
modified such that the restriction sites Hindlll* PvuII and PstI are 
unique to them. 

• The Invention relates to hybrid vectors comprising a DNA sequence 

which codes for any of the hybrid Interferons of the formulae I -VI 
and 1b operatlvely linked to an expression control sequence* and to 
processes for the preparation thereof. 

The vector la selected depending on the host cells envisaged for 
transformation. Examples of suitable hosts ere microorganisms* which 
are devoid of or poor In restriction enzymes or modification 
enzymes* such as yeasts* for example Saccharomycea cerevleise , and 
strains of bacteria* in particular strains of Escherichia coli * for 
example E. coll X1776* E» coli KB 101 * E. coli W3110, £. coll 
HB1O1/LM1035* E. coll JA221 or E. coli K12 strain 294, BbcIIIub 
subtilis .' Bacillus atearothermophilua * Peeudomonas , Haemophilus * 
Streptococcus and othera* end furthermore cells of higher organisms* 
in particular established human or animal cell lines. The above 
strains of E* coli , for example E, coll HB101 and E. coli JA221* and 
furthermore Saceharomyces cerevi aiae are preferred as th host 
mlcr organism* 
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In principle, all vectors which replicate and express the hybrid 1FN 

genes according to the invention in the chosen host are suitable. 

Examples of vectors which are suitable for the expression of the 

hybrid interferon genes in an E« coli strain are bacteriophages, for 

example derivatives of X bacteriophages, or plasmids, such as, in 

particular, the plasmid ColEl and ltB derivatives, for example pMB9, 

pSF2124, pBR317 or pBR322. The preferred vectors of the present 

invention are derived from plasmid pBR322. Suitable vectors contain 

a complete replicon and a marker gene, which allows to select and 

identify the hosts transformed with the expression pleamlds on the 

basis of a phenotypicel trait. Suitable marker genes impart to the 

host, for example, resistance tovarda heavy metals, antibiotics and 

the like. Furthermore, preferred vectors of the present invention 

contain, outside the replicon and marker gene regions, recognition 

sequences for restriction endonucleasea, so that the hybrid IFN gene 

and, if appropriate, the expression control sequence can be inserted 

at these sites. The preferred victor, the plasmid pBR322, contains 

an intact replicon, marker genes which confer resistance towards 

R R 

tetracycline end amplcillln (tet and amp ) and a number of unique 

recognition sites for restriction endonucleaaes, for example Pctl 

R R 

(cleaves In the amp gene, the tet gene remains intact), BemHI , 

R R 

Hindll I and Sail (all cleave in the tet gene, the amp gene remains 
intact), Nrul and EcoRI. 

Several expression control sequences can be used for regulation of 
the gene expression. In particular, expression control sequences of 
highly expressed genes of the host to be transformed are used. In 
the case of pBR322 as the hybrid vector and E. coli as the host 
microorganism, for example, the expression control sequences (which 
contain, inter alia, the promoter and the ribosomal binding site) of 
the lactose operon, tryptophan operon, arabinose operon and the 
like, the 0-lactamaBe gene, the corresponding sequences of the phage 
X N gene or the phage fd-coet protein gene and others, ar suitable. 
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Vhilet the plssmid pBR322 already contains the promoter of th 
B-lectameue gene (B-lac gene), the oth r expression control 
sequence* oust be Introduced Into the pleemid. 

Vectors which ere suitable for replication and expression in yeast 
contain a yeast replication start end a selective genetic marker for 
yeast. Hybrid vectors which contain a yeaet replication start, for 
example chromosomal autonomously replicating segment (ara), are 
retained extrschromosomally within the yeast cell after the trans- 
formation and are replicated autonomously. Furthermore, hybrid 
vectors which contain sequences homologous to the yeast 2u plaamid 
DNA can be used. Such hybrid vectors will get integrated by recom- 
bination into 2u plasmida already existing within the cell, or 
replicate autonomously. 2u sequences are particularly suitable for 
pleomide with a high transformation frequency and permit high copy 
numbers. The preferred yeast vector of the present invention is the 
plasmld pJDB207. 

Suitable marker genes for yeasts are, in particular, those which 
impart antibiotic resistance to the host or, in the case of 
auxotrophic yeast mutants, genes which complement host lesions. 
Corresponding genes impart, for example, resistance towards the 
antibiotic cycloheximide or provide for protrophy in an auxotrophic 
yeast mutant, for example the URA3, LEU2 , HIS3 or, in particular. 
TRP1 gene. Yeast hybrid vectors furthermore preferably contain a 
replication start and a marker gene for a bacterial boat, in 
particular E, coll, so that the construction and cloning of the 
hybrid vectore and their intermediates can take place in a 
bacterial host. 

Expression control sequences which are suitable for expression in 
yeast are, for example, those of highly expressed yeast genes. 
Thus, the promoters of the TRP1 gene, the ADHI or ADHI1 gene, acid 
phosphatase (PH03 or PH05) gene, iaocytochrome gene or a promoter 
involved with th glycolytic pathway, such as the promoter of the 
enolaae, glyceraldehyde-3-phosphate dehydr genaee ( GAPDH ) . 3-ph a- 
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phoglycerate kinase (PCK). hexokineee, pyruvate decarboxylase, 
phoephofructckinase, glucose-6-phoaphate iBomerase, 3-phoephc- 
glycerste nutate, pyruvate kinase, triosephoephate isomerase, 
phoephoglucose isomersse and glucokinase gcnee, can be used. 
Preferred vectors of the present invention contain promoters with 
transcriptional control, e.g. the promoters of the PH05, ADH II and 
GAPPH genea, which can be turned on or off by variation of the 
growth conditiona. For example, the PH05 promoter can be repreased 
or derepreaeed aolely by increasing or decreasing the concentration 
of inorganic phosphate in the medium. 

Promotera for use in mammalian celle are for example viral promo- 
ters, «uch as HTLV, SV40, vaccinia promoter and the like. 

The promoter ie operatively linked to the coding region so aa to 
ensure effective expression of the hybrid interferon. In one 
embodiment of the present invention, the promoter ie directly linked 
to the coding region of mature hybrid IFN with a translation atart 
signal (ATC) lnaerted at the Junction. A preferred region for 
joining the promoter to the hybrid IFN coding region is between the 
p,ajor mRNA etart and the ATG of the gene naturally attached to said 
promoter* 

In another embodiment of thepreeent invention, especially if yeast 
ie used aa the boat microorganism, a signal sequence is included in 
the construction. Suitable signal sequences are thoee naturally 
linked to the promoter used. For example the PH05 signal sequence, 
furthermore the eignal sequences of the yeaet invertase or o-factor 
genea may be used. Ihoae combinations are favoured which allow a 
precise cleavage between the signal sequence and the mature hybrid 
IFN amino acid sequence. Additional sequences, such as pro- or 
Bpacer-eequencoa which may or may not carry specific processing 
Bignale can aleo be included in the constructions to facilitate 
accurate processing of precursor molecules. Alternatively fused 
j proteins can be generated containing internal processing signals 

which allow proper maturation in vivo or in vitro. 
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Preferably, the hybrid vectors according to the present invention 
comprise also the 3*-flanking sequence of a gen© which containa the 
proper signals for transcription termination and polyadenylatlon. 
Suitable 3Vflanking sequence* are for example those of the gene 
naturally linked to the promoter used. In the case yeaat la uaed ae 
the hoat microorganism and the FH05 promoter ia uaed *b expreaeion 
control sequence, the 3' -flanking eequence ie preferably that of the 
PH05 gene. 

In a preferred embodiment, the present invention- relates -to-hybrid — 
vectors capable of replication and phenotypical selection in a hoat 
Btraln comprising a promoter and a DNA sequence encoding any of the 
novel hybrid interferons, said DNA sequence being positioned 
together with transcription start and termination signals as well aa 
translation start and stop signals in said hybrid vectors under the 
control of said promoter such that in a transformed hoat it la 
expressed to produce a hybrid interferon according to the invention* 

The hybrid vectora according to the present invention can be 
produced by in vitro ligation of appropriate segments of the 
LyIFN-o-2 and LyIFN-a-3 coding regions and inserting the resulting 
hybrid IFN gene into a suitable vector or by ligatlng a particular 
IFN DNA segment to a linearized vector DNA already containing the 
remaining sections In such a way that the gene coding for the 
desired hybrid interferon la formed. It ia preferred that the DNA 
segment donating the amino terminal end sequence is already fused to 
the expression control sequence. 

Appropriate segments of the LyIFN-a-2 and LyIFN-a-3 coding regions 
are especially taken from the preferred starting vectors of the 
present invention, vis* the p£R322 derived plasmide pAM2 and pAM21- 
The plasmid pAM2 contains a Hindlll-PstI insert with the LyIFN-a-3 
coding region under the control of the B-lactamaae promoter. The 
vector part of plasmid pAM2 Is resistant to PvuII. Th plasmid pAM21 
containa a HlndIII~PstI insert with the LyIFN-o-2 coding region 
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having a unique Pvull fit at position 92 and being under the 
control of the B-lectamaee promoter. The vector part of plasmid p21 
la likewlee reelatant to Pvull. 

Eepecially, the gene coding for hybrid Interferon "BiBaBaDM* 1 la 
prepared by llgetlng the large Petl-PvuII fragment of plaamid pAM21, 
the email Sau3A*PvuII fragment of pl&fitnld pAM21 and the small 
Ssu3A-PetI fragment of plasmid pAM2 - Thla construction results in a 
plasmid (pJC3A4) containing the hybrid interferon '"BiBaBaD** 9 coding 
region under the control of the 0-lactamas© promoter. In a similar 
manner, the gene coding for hybrid interferon ,, BiB 2 i>3B*i M i* prepared 
by llgatlng the large PvuII-Petl fragment of plaamid pAM21» the 
email Seu3A-PvuJJ fragment of plaamid pAN2 and the email Sau3A-PstI 
fragment of plaemld pAK21 . Thla construction results In a plaamid 
(pJC342) containing the hybrid interferon "BiBsDaBi/'coding region 
under the control of the P*>lactamase promoter. The gene coding for 
hybrid Interferon "BiDsDaD*" can be prepared by llgatlng the small 
HlndIIl-Sau3A fragment of plaamid pAM21 9 the email Sau3A-PvuII 
fragment of plaamid pAH2 and the large PvuII-Hindlll fragment of 
plaemld pAH2. Thla construction results in a plasmid (pAH94) 
containing the hybrid Interferon "B1D2D3D1," coding region under the 
control of the ^-lactamase promoter. Analogously, the gene coding 
for hybrid Interferon "BjDjBaBk" 1© prepared by llgatlng the small 
HindIII-Seu3A fragment of plaamid pAM21, the small Sau3A~FvuII 
fragment of plaemld pAH2 and the large PvuII-Hlndlll fragment of 
plaamid pAH21 • Thla construction reeulta in a plaBmid (pAM90) 
containing the hybrid interferon ,< B 1 D 2 BjB^ H coding region under the 
control of the B-lactameee promoter. Pleemide containing the hybrid 
interferon M BiDaB 3 D* w coding rgion (e.g. plaamid pDMl) or the hybrid 
Interferon "BjDiDjB** 1 coding region (e.g. plasmid pDH2) may be 
prepared In a similar manner* These plasmlda are suitable for 
replicating and expressing the hybrid J FN genes in E. coll * If 
desired, the DNA insert c ding for any of said hybrid interferons 
may be excised from the corresponding plaemld and Introduced into a 
differ nt vector DNA. In thia manner, plaemida may be obtained which 
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contain the hybrid interferon coding region under the control of a 
promoter other than the g-lactemase promoter and/ r allow the gene 
to be expressed in a host different from E. coli . 

The preparation of DNA comprising the atructural gene for any of 
eaid hybrid interferone nay also be performed by means of chemical 
synthesis. Suitable methods for the synthesie of DNA have been 
presented in summary form by S.A. Narang, (Tetrahedron 39, 
3 (1983) J. The known syntheais techniques allow the preparation of 
polynucleotides towards 20 bases in length, in good yield, high 
purity and in a relatively short time. Suitably protected nucleo- 
tides are linked with one anotherby the phoephodieeter method 
IK.L. Agarwal et al., Angew. Chem. 84, 489 (1972) J, or the even more 
efficient phosphotriester method IC.B. Reeee, Tetrahedron 34, 3143 
(1972) J or phosphite trieeter method IR.L. Letsinger et al., 
J. Am. Chem. Soc. 98, 3655 (1976)j. Simplification of the synthesis 
of the oligonucleotides and polynucleotides is made poseible by the 
a lid phase method, in which the nucleotide chaine are bound to a 
suitable polymer. Itakura et al. U. Am. Chem. Soc. 103, 706 
(1981) j use trinucleotide, linked by the phosphotriester method in 
the solid phase synthesis, instead of individual nucleotides, and 
these can thus be condensed, in a short time and with good yields, 
for example, to give a polynucleotide with 31 bases. The Bctual 
double-atranded DNA can be built up enrymetically from chemically 
prepared abort segments. For this, Khorsna et al. 
U. Biol. Chem. 251, 565 (1976)j use overlapping polynucleotide 
sequence, from both DNA strands, which are held together in the 
correct arrangement by base-pairing and are then chemically linked 
by the enzyme DNA ligase. Another possibility comprises incubating 
in each case one polynucleotide sequence from the two DNA strands 
with a short overlapping segment in the presence of the four 
required deoxynucleoside triphosphates with a DNA-polymeraae, for 
ex mple DNA-polymerase 1, a Klenow fragment of polymerase 1 or Tw 
DNA polymersse. or with AMV (avian myeloblastosis virus) reverse 
transcriptase. The two polynucleotide sequence- are thereby held 
together in the correct arrangement by base-pairing and are suppl - 
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mented with the r quired nucleotides by the enzym t give a 
complete double-s trended DNA IS.A. Nerang et el. t Anal. Biochem. 
12i» 3 56 (1982) J . Itakura et el, U. Biol. Chem. 257, 9226 (1982)J 
describe how, on the basis of this principle, a segment 132 base 
pairs Jong of the human leukocyte interferon 02-gene can be built in 
the preaence of DNA-polymerese I (Klenov fragment) from 4 chemically 
syntheslsed fragments 39 to 42 baeea in length, a 40 % caving in 
chemical synthesis in comparison with the method which usee only 
ligsse being achieved. A suitable procedure for preparing the DKAa 
according to the present inventin has been described, for example, 
in European Patent Application No. 146,785 the teaching of which la 
herein Incorporated by reference. 



The chemically synthesized DNA comprising the structural gene for 
any of the hybrid interferons according to the invention may be 
Inserted into a vector DNA containing an expression control sequence 
in a manner such that the expression control sequence regulates the 
expression of said gene. 

2. Transformation of the host cells 

The invention also relates to a process for the preparation of a 
transformed host, which comprises transforming a host with an 
expression vector containing a DNA sequence which codes for any of 
the hybrid interferons according to the invention and is regulated 
by en expression control sequence. 

Examples of suitable hosts are the above-mentioned microorganisms, 
such as strains of Saccharomyces cerevjsiae . Bacillus subtiliB and 
Escherichia coll . The transformation with the expression plesmids 
according to the invention Is carried out, for example, aa described 
in the literature, thus for S. cerevielae (A. Hinnen et al., Proc. 
Natl. Acad. Sci. USA 75 . 1929 (1978) J , B. subtilis (Anagnostopouloa 
et el., J. Bacterid. 81, 741 (1961) J and E. coli (M. Mandel et al., 
J. Mol. Biol. 53, 159 (1970)J. 
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Accordingly, th tranaf ormation procedure of E. coll cells 

Includes Ca -pretreatroent of the cells so as to allow DNA uptake, 

and incubation vith the hybrid vector. The celle are transferred to 

a selective growth medium which allows Beperation of the transformed 

cells from the parent cells. Cells which do not contain the vector 

will not survive in such a medium. The transformation of yeast 

comprises, for example, the steps of (1) enzymatic removal of the 

yeast cell wall by means of glucosidasea , (2) treatment of the 

obtained spheroplasts with the vector in the presence of 

2+ 

polyethyleneglycol and Ca -ions and (3) regeneration of the cell 
wall by embedding the spheroplasts Into agar. Preferably, the 
regeneration agar Is prepared in a way to allow regeneration and 
selection of the transformed cells at the same time. 

The invention relates also to the transformed hosts obtainable by 
the route described. 

3. Cultivation of the transformed host cells and isolation of the 
expressed hybrid interferon 

The invention concerns further a method for the preparation of the 
hybrid interferons of the formulae I -VI, characterized in that host 
cells transformed with a hybrid vector which contains a DNA sequence 
coding for any of said hybrid interferons are cultured, and the 
hybrid interferon is isolated. 

The transformed host cells are cultured by methods known in the art 
in a liquid medium containing assimilable sources of carbon, 
nitrogen and inorganic salts. 

Various sources of carbon can be used for culture of the transformed 
hosts according to the invention. Examples of preferred sources of 
carbon are ssslmiletable carbohydrates, such as glucose, maltose, 
ftannitol or lactose, or an acetate, which can be used either by 
itself or in suitable mixtures. Examples of sultabl e urcee of 
nixrogen are amino acids, such as casaminoaclda , peptides and 
proteins and their degradation products, such ae trypton , peptone 
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Culture is effected by processes which are known in the art. The 
culture condition*, such as temperature, pH value of the medium end 
fermentation time, are chosen eo that e maximum titre of hybrid 
interferon is obtained. Thua, an E. coli or yeaet etrain 1b pre- 
ferably cultured under aerobic conditions by submerged culture with 
shaking or etirring at a temperature of about 20 to 40"C. preferably 
about 30-C, and a pH value of 4 to 8, preferably at about pH 7, for 
about A to 30 hours, preferably until maximum yielde of the hybrid 
interferon are reached. 

It is surprisingly found that the maximum titres of the hybrid 
interferona according to the invention, for example of hybrid 
interferona "B.D.DjBu", "BjDaBsDi," , "BiDaD»Di," and "BjDjB jBj," , 
attainable in crude extrscte of, for example, transformed yeast 
cultured under atandard conditions are distinctly higher than those 



i 



or mest extracts; and furthermore yeaet extracts, malt xtract end 
ale ammonium salts, for example ammonium chloride, aulf te or 
nitrate, which can b used either by themaelvee or in suitable 
mixtures. Inorganic salts which can also be used are. for example, 
sulfstes, chlorides, phosphates and carbonates of sodium, potassium, 
magnesium end calcium. 

The medium furthermore containa, for example, growth-promoting 
substances, such as trace elements, for example iron, zinc, 
manganese and the like, and preferably subatancee which exert e 
selection pressure and prevent the growth of cells which have lost j 
the expression plssmid. Thus, for example, ampieillin is added to | 
the medium if the expression plasmid contains an amp gene. Such an j 
addition of antibiotic substances also has the effect that \ 
contaminating antibiotic-sensitive microorganisms are destroyed. If f 
a yeeat strain which is .uxotrophic In. for exsmple, an essential ;j 
amino acid, is u B ed as the host microorganism the plaeroid pre- J 
ferably contain a gene coding for an enzyme which complement the | 
host defect. Cultivetion of the yeast strain is performed in a | 
minimal medium deficient in said amino acid. | 
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f lnterferon-o-2 and hybrid interferons ,, D^B2D^D^ I I, and M &i D 2 BaB*" 
which are closely related to hybrid interferon* "BD" and "DB M 
described in U.S. Patent *,*1«,150. 

Whan the cell density has reached a sufficient value, the culture la 
interrupted and the hybrid interferon ia released from the celle of 
the host- For this purpose, the cells are destroyed, for example by 
treatment with a detergent, euch aa SDS or triton, or lysed with 
lyeozyme or a similarly acting enzyme. If yeast ia used aa host 
microorganism the cell vail may be removed by enzymatic digestion 
vith a glucosidase. Alternatively or Additionally, mechanical 
forces, euch aa shearing forcea (for example X-presa, French press, 
Dyno mill) or shaking with glass beads or aluminium oxide, or 
alternating freezing, for example in liquid nitrogen, and thawing, 
for example to 30* to A0°C, as well as ultre-eound can be used to 
break the cells. The resulting mixture, which contains proteina, 
nucleic ecidB end other cell cons tituenta , ia enriched in proteina, 
including hybrid interferon, in a manner which ia known per ae, 
after centrif ligation. Thue, for example, most of the non-protein 
constituenta are removed by polyethyleneimine treatment and the 
proteina. Including hybrid interferon, are precipitated, for 
example, by saturation of the solution with ammonium sulfate or 
vith other salts. Bacterial proteins csn eleo be precipitated by 
acidification with acetic acid (for exsmple 0.1 %, P H 4-5). Further 
purification steps include, for example, ultrafiltration, dia- 
filtration, gel electrophoresis, chromatographic processes, cuch aa 
ion exchange chromatography, size exclusion chromatography, HPLC, 
reverse phase HPLC and the like, separation of the constituents of 
the mixture according to molecular size by means of a suitable 
Sephadex column, dialysis, affinity chromatography, for example 
antibody, especially monoclonal antibody, affinity chromatography, 
and other known processes, especially those known in the art. 

Surprisingly, the hybrid interferons according to the invention have 

higher thermstabili ties than interferon LyIFN-o-2 and hybrid 

int rferon "BiBjDjDn". ThuB, the temperature at which 50 % of the 
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antiviral activity is lost- ( temperature increase of I FN solutions at 
l w C/min) is 62.8 V C in the case of LyIFN-o-2 and 63 W C in the caee of 
hybrid interferon "BiBiDaDt/' . whereas the corresponding value© of, 
for example, hybrid interferons "BiD 2 D 3 Du M , "BiD 2 B jB* f \ M Bi DiBaDk" 
end "BjDiDaB*," are 65 W C, 64.7*C, 65.3"C and 64.2 W C, respectively . 

The invention concerns furthermore the hybrid interferons of the 
formulae I-VI whenever prepared according to the methods of the 
present invention. 

The invention concerns also the hybrid interferons obtainable 
according to the inventive process. 

The invention concerns especially the hybrid vectors, the trans- 
formed host cells, the hybrid interferon polypeptides and the 
processes for. the preparation thereof as described in the Examples. 

Biological properties of the hybrid interferons and pharmaceutical 
formulations 

The hybrid interferons according to the. present invention exhibit 
interesting biological properties which qualify them as valuable 
pharmaceuticals. 

The hybrid interferons of the invention are distinguished by a very 
potent antiviral activity on mammalian cells, such as bovine snd 
especially human cells. Thue , the antiviral titres determined as the 
reduction of cytopsthic effect according to the method of 
S. Rubinstein et al. lJ. Virol. 37. 755 (1981) using vesicular 
stomatitis virus (VSV) as the challenge virus on bovine (KDBK) and 
human (WISH) cellsj are as follows: 
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Table 1: Antiviral titres of hybrid interferons using VSV ae 
challeng virus 
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"BiBaDaD*" <BD) 


1.1.5*10" 


2.33.10 t ' 


o-2 ("B") 


1.05»10* 


2.13.10- 


o-3 ("D") 


5.5.10' 
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Accordingly, the antiviral action of the hybrid interferona accord- 
ing to the Invention 1b not confined to human cells but ia invariab- 
ly interspeclf ic. Thus, the antiviral activities of hybrid inter- 
ferona "Bi^DsDt", B1D2B3B4." t "BjBaDjB* 11 , "BiDgBaDt" and "BiBaBaD* 11 
exhibited on human cells are comparable In degree to those of 
parent interferon a-2 and hybrid Interferon "B1B2D3DI!" which ia 
closely related to hybrid Interferon "BD" disclosed in U.S. patent 
No. 4,614,150, but are distinctly superior to parent Interferon a-3 
(by factor 10-30) and to reference hybrid interferon "DjDaBaBu" (by 
factor 230-600). 

Apart from the general antiviral activity on human cells, the hybrid 
Interferona according to the invention give rlee to a more specific 
response of target cells. Thua, various intracellular enzymes are 
induced on interferon action. Among these enzymes is (2'-5 a ) 
oligolsoadenylate synthetase ("2-5 A synthetase** ) whichB generates 
(2 f 5 f ) linked oligonucleotides, and these in turn activate a latent 
endorlbonuclease which cleaves viral mRNA. It ia surprisingly found 
that the hybrid interferons according to the invention, such ae 
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"BiDzDaD*", "BiDjBjB*", "BjB^aD*" and "Bj B 2 D 3 Bi, M . are particularly 
active inducers of 2-5 A synthetase activity in human cells. Thus, 
at 10* units/ml hybrid interferons ,, BlD ^ D 3 D^ l ,, , "BiDiBjBn", 
i, BlB^B3D^ ,, and "BiBsDaB* give a 17.5 fold, 11.4 fold t 8.5 fold and 
9.6 fold Increase, respectively, in 2-5 A synthetase activity in 
Daudi cells compared to a 5.6, 3*9, 4.0 or 4.3 fold increase on 
action of parent Interferons ft -2 and o-3 and reference hybrid 
interferons "BjBjDjDi, 11 and M DiD 2 B3Bt, M , respectively. 

Furthermore, the hybrid interferons according to the present inven- 
tion show antiproliferative activities. The antiproliferative 
activity can be assayed as follows: interferon containing solutions 
are incubated with 5*10 Daudi cells per ml in 2 ml RPMI medium 
containing 10 X foetal calf serum* Cells multiplication is deter* 
mined after 3 days incubation by counting viable cells in an 
haemocytometer using the Trypan blue exclusion test. Thus, the 
concentration of hybrid interferon ,, BiD2D 3 Di, ,, f "B^BjB^", 
,, BiB 2 B 3 Di, ,, t ,, B 1 B2D 3 B% , \ "B^BsD*." and "B, DaDaBu" required to induce 
a 50 % inhibition of Daudi cell multiplication is about 4 t 4, 1.3, 
1.3, 4 and 4 units/ml, respectively , hence approximately equivalent 
to parent interferon a-2 and reference hybrid interferon "BiBaDaDb 11 
(about 1.3 units/ml) and superior to parent interferon a-3 (about 
20 units/ml) and reference hybrid interferon "DjDaBaBb 11 (about 
400 units/ml). 

The antiproliferative activity against human cancers can also be 
demonstrated in vivo. Thus, various cancers of human origin, such as 
cancers of the breast, colon and lung, ovarian cancer and melanoma, 
have been -propagated in nude mice. Small fragments of the propagated 
tumors are Isolated and Implanted by trochar under the venal capsule 
of (Balb/c x DBA/2)Fi (CDF a ) mice. I FN is administered intramuscu- 
larly at two daily doses of from 5»10* to 5-10' IU/kg/inJ. at 
days 1 to 5 (day of administration: day 0). At day 6 the animals are 
sacrificed, the final tumor sizes are measured and compared t the 
initial tumor sizes (before IFN treatment) and t the tumor sizes in 
untreated control mice. Upon treatment with the hybrid interferons 
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according to the invention, for example "B^DjD*" and "BiBzDaBi/' , a 
c nsiderable and significant Inhibition of tumor growth and, 
partially, regression of tumore ie observed* Surprisingly, the 
antiproliferative activity of the hybrid interferons is superior to 
that of parental interferons a-2 and o~3 as veil as to that of 
hybrid interferon© "BiB^DsDv" and "DjD2B 3 B„ M . 

The antiviral and antiproliferative properties of the hybrid' 
Interferons according to the invention make these polypeptides 
useful for treating viral infections, Buch as influenza end other 
respiratory tract virus infections, herpes virus Infections, rabies 
and hepatitis infection, and neoplastic diseases, such as melanoma, 
renal cancer and hairy cell leukemia, of the human or animal body, 
optionally in combination with other antiviral or antitumor agents, 
preferably in the form of pharmaceutical preparations that contain a 
therapeutically effective amount of the active ingredient option- 
ally together or in admixture vith inorganic or organic, solid or 
liquid, pharmaceutical^ acceptable carriers which are suitable 
preferably for parenteral administration. 

Parenteral formulations are especially Injectable fluids that are 
effective In various manners, such as intravenously, intramuscular* 
ly, intraperltoneally, intranaeally , intredermally or subcutaneous- 
ly. Such fluids are preferably isotonic aqueous solutions or 
suspensions which can be prepared before use, for example from 
lyophlllsed preparations which contain the active ingredient alone 
or together with a phermaceutlcally acceptable carrier. The pharma- 
ceutical preparations may be sterilised and/or contain adjuncts, for 
example preservatives, stabilisers, wetting agents and/or emulsi- 
flers, solubllisera, salts for regulating the osmotic pressure 
and/or buffers. The present pharmaceutical preparations, which may, 
if desired, contain further pharmacologically valuable substances, 
are produced In a manner known per ee, for example by means of 
conventional dissolving f lyophilising processes, and contain fr » 
approximately 0.1 % to 100 %, especially from approximately 1 % to 
approximately 50 %, and in the case of lyophlllsatea up to 100 %, of 
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the active ingredient. It is w rthy of note that the hybrid inter- 
ferons according to the invention, such as "BiDiDjDm", can be 
lyophilised and rediesolved without any loaa of activity. In 
contraat thereto, lyophilised preparatione of parental interferons 
o-2 and a-3 give turbid solutions with a remarkable decreaae in 
activity. The latter interferona can therefore only be etored in 
buffered aolutiona. 



The invention alao concern* a method for producing a pharmaceutical 
composition characterized in that a pharmacologically active 
compound of the present invention is admixed with a pharmaceutic 
cally acceptable carrier. 

The particular mode of administration and the dosage will be 
selected by the attending phyaician taking into account the parti- 
culars of the patient, the disease and the disease state involved. 
For instance, viral infections are usually treated by daily or twice 
daily doses over a few days to a few weeke whereas treatment of 
neoplasms typically involves daily or multidaily dosea over weeks or 
months. The same daily dose levels, viz. about 10 6 to 10 units, as 
are used in conventional interferon therapy may be applied. 

Monoclonal antibody to the interferon hybrids 

It is an object of the invention to provide a novel monoclonal 
antibody to IFNo with high affinity for several subtypea of IFN* 
including IFNa hybrids and low affinity for other Bubtypea of IFNo. 
and hybrldooa cells secreting them. 

The novel monoclonal antibody is characterized in that it has a high 
affinity- towarda IFNo/B, D, F end related subtypes'lcf . D.V. Goeddel 
et el.. Nature 290, 20 (1981) J as veil as hybrids of these eubtypes, 
especially the hybrid interferona according to the invention, but 
low affinity towards, for example, IFNa/A subtype. 
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The monoclonal antibody la dealgnated 144 BS. Thla monoclonal 
antibody i B aecr ted by the hybridoma cell line with the designa- 
tion 144 BS 22-6-19. The invention concerna also derivativea of thla 
monoclonal antibody, e.g. antibody fragmenta, radioactively labelled 
monoclonal antlbodlea, and conjugatea of the monoclonal antibody 
with enzymes or the like. 

Fragmenta of the monoclonal antibody of thia invention are e.g. Fab, 
Fab' or F(ab') s fragmenta, which retain their apecificity for the 
antigenic determinanta, i.e. which retain the characterietic binding 
pattern of the parent monoclonal antibody to human IFNo end JFNo 
hybrid aubtypea. 

Radioactively labelled monoclonal antibodies contain e.g. radio- 
active iodine (»"!, »■•!. carbon <»*C), eulfur <»S). 
tritium (>H) or the like. Preferred are monoclonal antibodies 
labelled with radioactive iodine. 

Antibody conjugate, of the invention are e.g. conjugates of the 
monoclonal antibody or fragmenta thereof with enzymee such a. horse- 
radish peroxidaae, alkaline phosphatase, B-D-galactoeldaee. glucoee- 
oxidaae, glucoamylaae. carboanhydraae, acetylcholinesterase, 
ly.oryme. -alate dehydrogenase or gluco..-6-phosph.te dehydrogenase, 
or with avidin or biotin. In such conjugate, the antibody ia bound 
to the enzyme directly or by the way of a spacer or linker group. 
Preferred are conjugatea of the monoclonal antibody with the enzymea 
horseradish peroxidaae or alkaline phoephataae. 

The monoclonal antibody of the invention is characterized by ita 
binding ability toward, polypeptides belonging to different aubtypea 
of human IT No. The binding ability ia determined e.g. in the 
ao-called combined immunoprecipitation bioaeeay aa deecribed by 
S.S. Alkan et al. in "Protidee of the biological fluids", 
Ed. H. Peetera. Pergamon Preaa, Vol. 30, pagea 495-498 (1983). In 
thia eeesy, an iFKe. containing aolution ia incubated with the 
monoclonal antibody to be tested, the bound and unbound monoclonal 
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antibodies precipitated by the addition of e polyclonal eeruiu 
binding all the antibodies tested, the iumune precipitate aeparated 
and redlssolved in acid solution, and the IFNe liberated thereby 
determined in a classical bio-essay based on the anti-viral activity 
of IFN*. 



It is surprising that the monoclonal antibody of the invention binds 
strongly to IFNo eubtypee B, D,*F and to hybrida thereof, also 
IFNo subtypes C and J, but display low affinity towards IFB« subtype 
A, a subtype which la bound by all other known monoclonal antibodiea 
recognizing more then three IFNo subtypes, i.e. antibodiea with 
broad subtype recognition such as the monoclonal antibody NK2 
ID. Secher et al . , Nature 285, 446 (1980) J, the monoclonal anti- 
bodies EBI-1, 2 and 3 disclosed in the European Patent Applica- 
tion EP 119,476 or the monoclonal antibody LO-22 disclosed in the 
Patent Application WO 84/03106. 

Compared with the monoclonal antibody YOK disclosed in Patent 
Application W0 84/03105, which is specific for IFNa subtype D, the 
monoclonal antibody of the invention surprisingly show broad 
specificity, particularly towards IFNo subtypes B and F not bound by 
the antibody YOK. 

The monoclonal antibody of the invention with the designation 
14a BS is found to belong to the immunoglobulin cIbbb IgCir (Kappa) 
as determined by well-known methods, e.g. the immuno diffusion 
Ouchterlony technique using class-specific second antibodies. 

The monoclonal antibody of the invention and derivatives thereof are 
obtained -by proceesee known per Be, characterized in that the 
hybridoma cell line 144 BS 22-6-19 

a) ia cultivated in vitro end the monoclonal antibody isolated from 
the culture supernatant , or 

b) la propagated in vivo in a suitable mammal and the monoclonal 
antibody r covered from body fluids f said mammal, and, if 
desired 
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O th obtained monoclonal antibody is converted Into a derivative 
thereof « 

Suitable culture media for the in vitro cultivation according to 
process a) .re atandard culture media auch a, Dulbecco'e Modified 
Eagle Medium or KPMI 1640 Medium, optionally repleniahed by a mammal 

e ' 8 ' fetal " lf The ieolation of the monoclonal 

antibody 1« accomplished by precipitating the protein contained in 
the culture aupernatenta by ammonium sulfate or the like, followed 
by purifying the immunoglobulin by standard chromatographic method., 
auch aa gel filtration, ion exchange chromatography, chromatography 
on DEAE celluloae, or iimuneaf f inity chromatography. 

Large amounta of the desired monoclonal antibody can be obtained by 
the propagation of the hybridoma cell line according to proceaa b). 
Cell clonea are injected into ayngeneic mammala. which cauaea anti- 
body-producing tumoura to grow. After one to three week, the deaired 
monoclonal antibody ie recovered from body fluide of aald mammal. As 
an example the hybridoma cell line which is derived from Balb/c miee 
is intraperitoneal^ injected into Balb/c mice optionally pretreated 
with a hydrocarbon auch aa pri.tane, end after one to two weeke, 
ascites fluid of these mice ie collected. The monoclonal antibody ia 
isolated from the body fluid, by method, known per ee. e.g. by 
precipitating the protein with ammonium aulfate or the like, 
followed by purifying the immunoglobulin by etandard chromato- 
graphic methoda, such a. gel filtration, ion exchange chromato- 
graphy, chromatography on DEAE celluloae, or immunoaf finity chro- 
matography, 

Fragmenta of the monoclonal antibody, for example Pab, Fab' or 
F(ab') 8 fragment., which retain their specificity towards the " 
antigenic determinant, of the IFNe aubtypes, can be obtained from 
the monoclonal antibody prepared according to proceaa a) or b) by 
methoda known fier ee, .g. by digestion with enzymes such as pepsin 
or papain and/or cleav ge of disulfide bonds by chemical reduction. 
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Monoclonal antibodies 1 belled with radioactive Iodine are prepar d 
by iodination methode known in the art, e.g. by labelling the 
monoclonal antibody with radioactive sodium or potassium iodide and 
a chemical oxidant such aa sodium hypochlorite, chloremine T or the 
like, or an enzymatic oxidant such aa lactoperoxideee, glucose 
oxidaae and glucose. Radioactively labelled monoclonal antibodiea of 
the invention are also prepared by adding radioactively labelled 
nutrient* to the culture media of the in vitro cultivation of 
step a). Such labelled nutrienta contain e.g. radioactive carbon 
(»*C), tritium < S H), eulfur ( >9 S) or the like, and are for example 
L-( l "»C)-leucine, L-( »H)-leucine or L-( ss S)-methionine. 

Conjugates of the monoclonal antibody of the invention ere prepared 
by methode known in the art, e.g. by reacting the monoclonal 
antibody prepared according to process e) or b) or a fragment 
thereof prepared aa described hereinbefore with an enzyme in the 
preaence of a coupling agent, e.g. glutareldehyde . periodate, 
N.H'-o-phenylenedimeleimide, N-(m-oaleimldobenzoyloxy)-8uccinimide, 
)l _(3_(2 , -pyridyldithio)-propionoxy)-auccinimide, N-ethyl-N*-(3-di- 
methylaminopropyn-carbediimide or th, like. Conjugatee with avidin 
are prepared likewise. Conjugatee with biotin are prepared e.g. by 
reacting the monoclonal antibody with an activated aster of biotin 
such aa the biotin N-hydroxyaueeinimide ester. 

The invention further relatea to the hybridoma cell line with the 
designation 144 BS 22-6-19. which hae been deposited on 
March 14, 1985 at the "Collection Nationale de Cultures de Micro- 
organiemea", Institut Pasteur, Paris, under the number 1-424. This 
hybridoma cell line ia a hybrid of the mouse myeloma cell line 
Sp2/0-Agl4 end of a B lymphocyte of the spleen of a Balb/e mouae 
immunized with natural human IFNo. It is a stable cell line, which 
secretes the monoclonal antibody with the designation 144 BS. The 
cell line may be kept in culture or deep-frozen in liquid nitrogen 
end reactivated by thawing. 
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The invention relatee also to a process for the production of said 
hybridoma cell line r eecreting the monoclonal antibody 144 BS, 
characterized in that Balb/c nice are immunized with a natural human 
IFNo, antibody-producing epleen cella of the nice are fused with 
cella of the myeloma cell line Sp2/0-Agl4, the hybrid cella obtained 
in the fuaion are cloned, and a cell clone eecreting the deelred 
antibody la selected. 

The immunization of the mice is performed e.g. by injecting natural 
human IFNo two to four times parenterally , such ae intraperitoneal^ 
and/or eubcutaneously , at intervale of 10 to 40 daya. in amounts of 
about 10> IU to about 10* 10. The injections optionally contain an 
adjuvant etimulating the lymphocyte production auch a« complete or 
incomplete Freund's adjuvant. 

Antibody-producing spleen cella. taken two to five daya after the 
final booster injection, are fused with cella of the myeloma cell 
line S P 2/0-Agl4 in the presence of a fuaion promoter. Fusion 
promoters considered are e.g. Sendai virus or other paramyxo 
viruses, optionally in UV-inactivated form, calcium iona, surface- 
active lipids such as lysolecithin, or polyethylene glycol. Prefe- 
rentially, the myeloma cella are fuaed with a three- to twentyfold 
exceae of spleen cella from immunized mice in a solution containing 
about 30 * to about 60 % polyethylene glycol of a molecular weight 
between 1000 and 4000. 



After the fusion, the cella are reeuspended and cultivated In 
selective HAT medium. Thereby, only hybridoma cells will survive, 
becauae they combine the ability to grow and replicate in vitro, 
which ability ia inherited from the myeloma cella, with the missing 
HGPRT or TK genea essential for the survival in the HAT medium, 
which genea are inherited from the antibody-producing spleen cella 
of the Immunized nice. 
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Suitable culture medi for the expansion of hybridoma cellB are th 
standard culture media, euch ae Dulbecco f s Modifi d Eagl© Medium, 
minimum eaaential medium, RPMI 1640 medium and the like, optionally 
replenished by aerum, e.g. 10 to 15 % fetal calf serum. Preferen- 
tially feeder cella are added at the beginning of the cell growth, 
e.g. normal mouae peritoneal exeudate cella, Bpleen cella, marrow 
bone macrophagee, or the like. The culture media are eupplemented 
with selective HAT medium at regular interval in order to prevent 
normal myeloma cella overgrowing the hybridoma cells. 

The hybridoma cell culture supernatant a are screened for the desired 
monoclonal antibody, preferentially with a combined immunoprecipi- 
tation-bioaeaay or a radioimmunoassay . Positive hybridoma cella are 
cloned, e.g. by limiting dilution, preferentially twice or more. The 
cloned cell lines may be frozen in a conventional manner. 

The monoclonal antibody of the invention and/or ita derivativea are 
useful for the qualitative and quantitative determination and/or 
purification of human IFNa subtypes of natural sources or prepared 
by recombinant DNA methods end of human hybrid IFNa, especially 
those according to the present ivention. 

For instance, the monoclonal antibody or derivative thereof, euch as 
an enzyme conjugate or a radioactive derivative, can be used in any 
of the known immunoaesaya , which rely on the binding interaction 
between the antigenic determinant, e.g. of a polypeptide with IFNa 
activity, and the monoclonal antibody. Examples of such assays are 
radioimmunoassays, enzyme immunoossaya » immunofluorescence, latex 
agglutination, end hemagglutination. Such immunoassays are useful 
e.g. in the monitoring of the production and purification of IFKa 
from natural sources or genetically engineered microorgenisma and of 
hybrid IFNo proteins and in the qualitative and quantitative 
determination of IFNo and hybrid IFNa in biological f luida , e.g. of 
patients under IFNo therapy r in need of such therapy. 
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The monoclonal antibody according to the invention can be ue d aa 
such or in the form of a radioectively labelled derivative In a 
radioimmunoassay (RIA). Any of the known modlf lcationa of an RIA can 
be used, for example RIA In homogeneous phase, solid phase RIA or 
heterogeneous RIA, single RIA or double (sandwich) RIA with direct 

r indirect (competitive) determination of IFNo. There la preferred 
a sandwich RIA in which a suitable carrier, for example the plastics 
surface of a mlcrotitre plate or of a teat tube, for example of 
polystyrene, polypropylene or polyvinyl chloride, glass or plastics 
beads, filter paper, or dextran, cellulose acetate or nitrocellulose 
sheets or the like, la coated with a monoclonal antibody specific 
for an IFNa subtype by simple adsorption or optionally after 
activation of the carrier, for example with glutaraldehyde or 
cyanogen bromide, and Incubated with the teat solution and a 
solution of a monoclonal antibody radloactlvely labelled with 125 1, 
the dissolved monoclonal antibody recognising another epitope of the 
IFNo subtype than the carrier-bound monoclonal antibody, and the 
amount of the IFNo or hybrid IFNa is determined by measuring the 
radioactivity bound to the carrier. In Buch a preferred radioimmuno- 
assay either the carrier-bound antibody or the radiolabelled 
antibody la the monoclonal antibody or a derivative thereof of the 
present Invention as described hereinbefore, the other antibody 
being a monoclonal antibody to IFNo falling outside the scope of the 
present invention or a polyclonal antibody, optionally in the form 
of a radiolabelled derivative. 

Particularly preferred is a sandwich radioimmunoassay as described 
hereinbefore, wherein the monoclonal antibody of the invention Is 
bound to a bead, for example a polyetyrene bead, this coated bead ia 
Incubated in a test of standard solution containing IFNa or hybrid 
IFNo and is finally developed with a radiolabelled monoclonal 
antibody recognising a different iFNtt epitope. 

Figures 4 and 5 show the radioactivity bound to th carrier bead in 
function of the quantity of IFN-o-2 polypeptide belonging to the 
IFNa/B subtype in the test solution as can be measured in a sandwich 
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RIA described in d tail in the Experim ntel Part. Th Beneitivity of 
the RIA allows a feat, reliable and quantitative determination of 
150 to 5000 lU/ml of IFN-o-2 subtype, or of ae little as one lU/ml 
of IFN-o-2 subtype if a ©or* time-consuming procedure ia choaen. 
Similar reculta can be obtained in a sandwich RIA for the determina- 
tion of polypeptide* belonging to other IFNa subtypes, e.g. 
IFNa/D subtype or IFNa/F eubtype, and eepecially of the hybrid 
interferons according to the invention. 

The monoclonal antibody according to the invention can be weed as 
such or in the form of an enzyme-conjugated derivative in an enzyme- 
immunoassay. Such immunoassays include teat procedures in which an 
enzyme-lsbelled monoclonal antibody derivative according to the 
Invention, enzyme-labelled antibodies known per se that recognize 
and bind the epitopes of the anti-IFNa antibody according to the 
invention or other anti-IFNa antibodiea are used. 

There ia preferred an ELI SA (enzyme-linked lcnnunoadsorbent assay) in 
which a carrier as described above for an RIA is coated with the 
monoclonal antibody according to the invention, incubated with a 
test solution containing IFNa snd then with e polyclonal serum to 
IFNa, for example sheep senin, and, finally, the bound antibodies of 
the polyclonal serum are developed by enzyme-labelled antibodiea 
that recognize and bind to them, and the amount of IFNa bound is 
determined by en enzyme substrate reaction. Such an enzyme-labelled 
antibody ia, for example, a phoephataee-lBbelled goat-anti-sheep 
immunoglobulin* 

There is- also preferred an ELISA in which a carrier coated with a 
monoclonal antibody specific for an IFNa subtype is incubated with a 
test solution containing IFNa and with a solution of a monoclonal 
antibody that iB conjugated with an enzyme, the dissolved monoclonal 
antibody recognising a different epitope of the IFNa Bubtype than 
does the carrier-bound monoclonal antibody. By an enzyme substrate 
reaction that results, f t example, in a colour chang and can be 
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observed by eye or with optical toeaeurlTig devices, the amount of 
bound enzyme, which la proportional to the amount of IFNa or IFNa 
hybrid subtype In the test solution, la reoccured. 

Particularly preferred is an enzyme immunoassay called iiumunodot 
analysis, in which teat or standard solutions containing IFNa or 
hybrid IFNa are spotted on a mlcroporous carrier with high intrinsic 
affinity for polypeptides, e.g. on nitrocellulose, the carrier 
bearing one or several dote of said IFNa containing probes la 
incubated in a solution of the monoclonal antibody of the invention, 
then in a solution of an enzyme-labelled second antibody that 
recognizes and binds the monoclonal antibody of the invention and 
finally in a solution of an enzyme substrate which leads to a 
detectable signal, e.g. a coloured substance. Such an enzyme-label- 
led second antibody is e.g. rabbit anti-mouse immunoglobulin 
conjugated with horseradish peroxidase which can be developed with 
suitable enzyme substrates such as 4-chloro-l -nephthol or the like. 

The use according to the invention of the monoclonal antibody and 
derivatives thereof as described hereinbefore for the qualitative 
and quantitative determination of IFNa subtypes or hybrid IFNo also 
includes other immunoassays known per _se . for example immunofluores- 
cence testa using antibody conjugates or antigen conjugates with 
fluorescing substances, latex agglutination with antibody-coated or 
antigen-coated latex particles or haemagglutination with antibody- 
coated or antigen-coated red blood corpuscles or the like. 

The invention relates also to test kits for the qualitative and 
quantitative determination of IFNa subtypes and hybrid IFNa accor- 
ding to the invention containing the monoclonal antibody 144 BS 
and/or a derivative thereof and, optionally, other monoclonal or 
polyclonal antibodies to human IFNa and/or adjuncts. 

Test kita according to the invention for a radioimrouno ssay contain, 
for example, a suitable carrier, uncoated or coated with a mono- 
clonal antibody to IFNa, optionally freeze-dried or concentrated 
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solutions of a monoclonal or polyclonal antibody t IFNo and/or a 
radiolabeled derivative thereof, wherein fit leaet one of the 
monoclonal antibodies coated on the carrier, in solution or in 
radiolabeled form is the monoclonal antibody of the invention, 
standard solutions of human IFNo, buffer solutions and, optionally, 
polypeptides and detergents for preventing non-specific adsorption 
and aggregate formation, plpetTtes, reaction vessels, calibration 
curves and the like. 

Test kits according to the Invention for an enzyme innnuno assay 
contain, for example, a suitable carrier, optionally freeze-dried or 
concentrated solutions of a monoclonal end/or a polyclonal antibody 
to IFNo and of an enzyme-labelled monoclonal or polyclonal antibody 
to IFNo or to a first antibody recognising IFNo, wherein at least 
either the monoclonal antibody to IFNo or the enzyme-labelled 
antibody derivative to IFNo is the monoclonal antibody or a deriva- 
tive thereof according to the Invention, enzyme substrates In solid 
or dissolved form, standard solutions of human IFNo, buffer solu- 
tions and, optionally, polypeptides and detergents, pipettes, 
reaction vessels, calibration curves, colour scale tables and the 
like. 

IFNo from natural sources or IFNo subtypes or polypeptides related 
to IFNo such as the hybrid interferons according to the invention 
can be purified by lmmunoaf f inity chromatography with the aid of the 
monoclonal antibody of the invention* The monoclonal antibody or a t 
fragment thereof Is bound to a suitable carrier of organic or 
inorganic origin, such as cross-linked agarose, dextran or poly- 
acrylamide in suitably f unctionalized form, optionally after 
activation, applying general methods known in the art. For instance, 
a carrier bearing activated ester functions is suspended in an 
aqueous buffer solution, mixed with a solution of the monoclonal 
antibody or a fragment thereof, filtered, reBuspended and washed to 
remove excess monoclonal antibody, and treated with a eolutl n of 
Irrelevant proteins to block free reactive positions of the carrier. 
This antibody-coated carrier la used to selectively bind human 
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IFNo subtype*, e.g. IFNo/B, IFNa/D and IFNo/F eubtypea end related 
polypeptide* ouch ae the hybrid Interferon* according to the 
invention in glycosylated or unglycocylated form. To that end 
carrier material la suspended in a suitable aqueous solvent, for 
example a salt solution, euch as NaCl solution, or a buffer solu- 
tion, such aa phosphate-buffered NaCl solution, NaHC0 3 solution or 
3-(N 

-n)orphollno)propanefiulphonic acid solution, and brought into 
contact with the solution containing the IFNa, for example is poured 
into a chromatography column and the solution containing IFNo la 
. introduced snd pumped through the carrier material, if desired 
under pressure. Unbound proteins and other impurities are washed 
away with aqueous solutions, for example buffer solutions in a pH 
range of from approximately pH 5 to approximately pH 9 and/or salt 
solutions, for example NaCl solution. The IFNo bound to the antibody 
on the carrier material is eluted with suitable aqueous solutions, 
for example buffer solutions in a pH range of from approximately 
pH 2 to approximately pH 5, such as glycine buffer or citric acid, 
or pH gradients of differing composition or salt solutiono, for 
example concentrated N1USCN solution. The eluate containing IFNa la 
optionally neutralized, and the purified IFNo la isolated therefrom 
according to known procedures. 

The following Examples serve to illustrate the present invention but 
should not be construed as a limitation thereof. 

Experimental Part 

Abbreviations used in the Examples: 
1,4-dithiothreitol 

solution containing 30 mM Trie^HCl pH 7,5, 
100 mM NaCl, 2 mM EDTA 
trle~(hydroxymethyl)-emlnome thane 
ethylenediemine tetraacetic acid 
solution containing 10 mM Trie, 50 uM EDTA 



DTT 

TNE 

Trie 
EDTA 
TE 
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N-mediu« contain. Bacto-Tryptone (10 g. Difco), yeast extract 

(1 g. Mfco), ae (1 g) , NaCl (8 g), 

CaClj'2HaO (249 mg) p X 1 1 solution 

TBE solution containing 89 mM Tris. 89 mM boric acid. 

2 mM EDTA 

BSA bovine serus albumin 

HAT hypoxanthine/aminopterin/thymidin 

j g immunoglobulin 

10 international unite (of interferon activity) 

HAfc monoclonal antibody 

?B$ phosphate buffered ealine 

SDS-PAGE eodium dodecyl sulfate polyacrylamide gel electro- 

phoresis 

Part 1* Con.truction and cloning of interferon 0-2/0-3 hybrid, in 
Escherichia coll 



All hybrid interferon protein coding sequence, described below have., 
been oper.tively linked to the p-l.ctam.ee promoter, cloned into a 
P BR322 derived expression ple.mid .nd transformed into E. cell 
HB101. 

Exemole l :_ r^.rructlon o f ggoll re.jstnnt vectors carryinR DNA 
, fl , U ence. of *he lvmphoblastoid I PNs Q-2 and o-3 

pBR322 is cut with PvuII (Biolabs). and the linear DNA is ligated to 
a l»*P]-BclI linker I d( ATGTGIGATCACACAT) synthesized by the .olid 
phaae pho.photriester method, cf. H. Rink et al.. Nucleic Acide 
Research 12. 6369 (1984) J as follows: 

The restricted pleemid DNA (1 ug, about 0.7 pmole ends) is ligated 
to 32 P-lebelled Bell linker DNA (about 40 pmole ends) in 50 pi 
reaction volume containing 20 mM Trie-HCl pH 7.8. 10 »M MgCl*. 10 «M 
DTT. 0.5 »M rATP and 40 U/pl T„ DNA Uga.e (Biolaba). After 2-3 h 
incubati n at 15"C. the aqueoua phase ia extracted with an equal 
volume of phenol/chloroform, and the DNA is precipitated by the 
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addition of 1/9 volume lOx TNE, 2*5 volumes of ethanol and keeping 
at -20 W C v©r night. Th DNA pellet is reeuspended in SO pi TE 
pH 8.0 and centrlfuged through a 5-23 X fiucrose gradient (50 mM 
Trie-HCl P H 8.0/1 mM EDTA) in a Kontron TST 60 rotor for 4 h et 
58000 rpin and 15*C. The gradient ie fractioned from top to bottom, 
and the radioactivity in each fraction is monitored by Cerenkov 
counting. Fractions of lntereet are pooled and the DNA precipitated 
with TNE and ethanol. The DNA pellet la reauepended in reatrictlon 
buffer and digested with BClX end again precipitated after extrac- 
tion of the aqueous phase with phenol/chloroform. This linear DNA 1b 
then recirculated at a concentration of 5 ug/ml under conditions 
id ntical to those described for the linker ligation. 

The llgated DNA la cut with the enzymes Hindlll, PvuII (to climate 
residual Intact pBR322) and Patl. and the Hindlll-Pstl large 
fragment (3600 bp + linker) containing the origin of replication and 
the amp gene is Isolated by sucrose gradient centrif ugatlon. 

Hind Ill-Pa tl inserts from CG-pBR( AP) /LyIFN-o-2 (1160 bp) and from 
CG-pBR(AP)/LyIFN-o-3 (1020 bp) (European Patent Application 
No. 76,489) obtained by sucrose gradient centrif ugatlon are each 
llgated into the DNA prepared above* resulting in plasmida pAMA and 
pAM2 , containing the LyIFN-o-2 and LyIFN-a-3 coding regions, respec- 
tively, under the control of the p-lectemaBe promoter. 

Llgated DNA la directly used to transform competent E. coll as 
follovs: Th© DNA ligation mixture (or fraction© of it) is trans- 
ferred into 150 15 roM Tris-HCl pH 7.5, 10 mM CaCl z , 10 mM 
HgClj, 10 mM NaCl, 0.5 mM EDTA, and 50 ul of the CaClj-treated 
recipient E. coll HB 101 are added. The mixture is kept at 0*C for 
20 min., then transferred to A2 W C for 2 min., and after cooling to 
room temperature 1 ml of N-medlum la added. The incubation ie 
continued at 37*C for 1 h (shaker platform, 250 rpm) after which 
600 yl are plated on McConkey-Agar (Difco) containing tetracycline 
(10 ug/ml). The petri dishee ere incubated at 37 V C for 16-18 h, vhen 
bacterial colonies can be observ d. 
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Plasmid DNA is obtained from the transf or^nte by the following 
procedure. 10 ml N-medium containing tetracycline (10 yg/ml) Is 
inoculated with one txan.fcn.ant colony each end the culture, are 
stated at 37'C (shaking platform, 150-300 rpm) until they had 
reached an optical denaity of 0,9-1.1 (650 nm) . The cella are 
nervested and re.uapended in an equal volume of N-medium containing 
tetracycline (10 ug/»D and chloramphenicol (80 pg/ml). Incubation 
i. continued at 37«X for another 18 h to amplify the number of 
plasmid ccpie. per cell. The bacteria are harvested and the 
bacterial pellet i. re.uapended in 50 ■* Trie HC1 P H 8 (10 .1 p.r 
gram of vet cell weight) and lyeoryme (Sigma) i. added to a final 
concentration of 2 mg/ml. After 10 .in at 0'C the solution ia 
adjusted to 50 mM EDTA, after 10 .in at 0»C Triton X 100 ia added to 
a final concentration of 0.8 X and the preparation ia kept at 0 C 
for 1 h followed by centrifugation in a Sorvall SS-34 rotor for 
30 «in at 18000 rpm. After extraction of the clear aupernatant with 
phenol followed by two extraction with chloroform RNaee A (Sigma) 
i. added to a final concentration of 25 pg/»l *«d the solution ia 
incubated at 37»C for 1 h- For removal of MA, KaCl (1 M final 
concentration) and polyethylene glycol 6000 (7.5 % final concentra- 
tion) -re added and the preparation ia kept -t -10"C for 2 h, 
followed by centrifugation for 10 In at 10.000 rpm and 0T in a 
Sorvall SS-34 rotor. The pellets are reeuspended in 200 ul TNE and 
again extracted with phenol/chlorof or» (1:1) before reprecipitation 
(by addition of 500 pi ethanol, 5 min at -80»C. 10 min Eppendorf 
centrifuge). The DNA pellete are resuspended in 20-40 ul of TE. 
Typical yielda resulting from this procedure are about 20 vg of 
plasmld DNA. 

The prepared plaemid DNAa (pAM« and P AM2) are subjected to 
restriction enryme analy.ia. The structure of P AM« and P AM2 ia 
confirmed. 
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f rh« 3* ex treclatronic pv " TI e lte fr£S 
Ex BmP le 2: EllginaH^n of the 3 est, 



TJ-zrz ::r r« * — - 

within th. .»t„cl.t»»ic MM I- 

V e«r.cl.tt.»ic .i« <"« »•• »■ ^ 4 " 1,1 ^ 

2 -lc. P t..th.n.l. 10 * Ttl-»C1 pH 7.5. . -!./» »»H <«-*il 
.dd.d. dl«..t f« 5 « »-C «.P b, ph.n.1 .,tr.cti.»l »* I- 

li,...d t. l»»J-F.tl link.. (Cll.b«.ttv. R....rch. pr.c.du,« 
d...rlb.d In E«.pl. 1). ■>»* -i»«" " "•"• t °™'' lnt ° 
I cli HB 101 .. .b... .nd th. pl...ld. of 14 cl.nl.. 

Cancel.. .n.»yi. «•!.« "»» -* " ln,,m ,1 " 

p, ..... of . d.l.ti.. h..i.« th. err... .1.. <*» bp), oat of th. 
16 c.l.ni.. «t....d th... .» .n«dlfl.d PA*. ... 1. • ..lti»«. 
fiv. h.v. . l.r«. d.l.tlo» (620 bp) «nd ..... «trl.. th. d..ir.d 
...11 d.l.tl.n (2« bp). On. d.n. with . .h.rc.n.d IP» -2 i»...t 
(Hind 111-P.tl ...11 fr.e~»t ».» 902 bp) i. ..l..t.d .«d i. 
designated pAH21. 

Exajngleji: r^.t ruction of f vu Hybride with crossover e ites at amino 
acid 92 

Plaemide pAM2 (a-3> and pAm21 (a-2) ate each cut with HindHI and 
Pvull which reeulta in the exciaion of DNA fragment. (521 bp) 
containing the B-lactamaae promoter sequences and the N-terminal 
halves of the I FN genea (coding for amino acida 1 to 92). The large 
and .aall fragment* (about 4Kb and 521 bp. reapectively) are 
separated by sucrose gradient centrif ugation, and the large frag- 
ment a are dephosphorylated by treatment of 1 ng UNA fragments in 
50 ul 50 mM Trie pH 8 with 1 unit of calf intestine alkaline 
phosphatase per 10 pmole 5'enda for 30 min at 37"C. Hybrid IFN 
» Bl B 2 D 3 D»" and "DjDjB jB*j" genea are construct d by ligation of the 
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appropriate large and email DNA fragment- described ab ve I large 
Hindlll-Wull fragment (- 4Kb) from P AM2 ligat d t .mall 
Hindlll-PvuII fragment (521 bp) from P AM21 resulted in type B,B.D,D* 
I FN, etc. j. .Ligation ia carried out in 10 pi volun.ee containing 
20 mM Tria.HCl pU 7.8. 10 mM MgCla , 10 mM DTT, 0.5 mM rATP, 
40 unita/pl I,DNA liga.e (Biolaba) and approximately 500 ng of large 
DNA fragmenta, and 20-40 ng of email DNA fragment.. After 5 h at 
15*C, 5 pi of the ligation mixture- are used to transform E. coll 
HB101 ee above, resulting in about 1000 transformed coloniee each. 
Thr.e colonie. are pick 8 d each, their plasmid DNA ia iaolated and ia 
analyzed with the enzymee HindHI, PvuII, EcoRl , TaqI and P-tl. Two 
coloniee harbouring plaamid DNA- of the predicted structure IpAM 27 
(•'BjBzDjDu") and pAH 33 ("D 1 D 2 B J B»") J are -elected. 

Example 4; Construction of hybrid IFN p en es croeee d over at amino 
acid 150 

Plaeaida pAH 2 (o-3) and pAH 21 (e-2) are each digeeted with PvuII 
and Petl. The DNA fragmenta are separated by eucro-e gradient 
centrifugation into PvulI-P-tl large fragment- (about 4Kb. encoding 
the N-terminal 92 amino acids of IFNs o~2 and a-3), end PvuII-Petl 
amall fragmenta (386 and 495 bp in length, reepectively. encoding 
the C-termini of IFNa o-2 and o-3 ). In a second step, the purified 
PvuII-PatI -mall fragmenta from pAM2 end pAH21 are each » P-labelled 
ea follows: 

The DNA fragments (~ 1 ug) are each dissolved in 50 pi 50 mM 
Tris-HCl pH 8.0 end dephosphorylated by treatment with 1 U/10 pinole 
5' ends alkaline phosphatase for 30 min. at 37 W C. The enzyme la 
inactivated by incubation for 1 h at 65"C, and the DNA ia purified 
by adsorption and elution from DEAE-Celluloee -nd precipitated in 
ethenol. The DNA ia phoaphorylated in a 20 pi reaction volume 
containing 50 mH Tri.-HCl P H 9.5/10 mK MgCl,/(5 «M DTT. 30-40 pi of 
lyophilized r-l 5, Pj-ATP (Ameraham. 6000 Ci/mmol, 1 mCi/ud) and 
0.5 U/pl T* Kinase (P.L. Biochemicals) . After 20 min. at 37"C, the 
reaction ia atopped by adding EDIA to 10 mM. An excess (~ 4ug) of 
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corr spending untreated DKA fragment is th n added, and the solution 
la extracted with phenol and chloroform. DNA la separated from 
residual 7~1 3 *PJ-ATP by chromatography through Sephedex C-50 In TNI. 
The excluded peak fraction* as monitored by Cerenkov counting are 
pooled and precipitated with ethanol. 

The **P labelled PvuII-Pstl email fragments are each digested 
completely with Sau3A, and the restricted DNA la separated by 
electrophoresis In a 6 % pqlyacrylamide gel using TBE as running 
buffer. 4 DNA fragments corresponding to PvuII-Sau3A (172 bp each, 
encoding amino aclda 93 to 150 of IFNs a- 2 and a-3) , and to 
Seu3A-PetI (214 bp and 323 bp, respectively encoding amino aclda 151 
to 166 of IFNs o-2 and a-3) are Isolated from the gel. 

By rellgatlon of 3 appropriate fragments (see Table 2), 4 hybrid I FN 
types crossed over at amino acid 150 are generated. The correspond- 
ing plaBmlds are reconstructed In a series of steps; in a first 
ligation reaction equimolar amounts of PvuII-Sau3A and Sau3A-PstI 
DNA fragments are llgated in 10 \kl of ligation buffer containing 
20 mM Tris-HCl pH 7.8. 10 mM HgCl 2t 10 mM DTT, 0.5 mM rATP and 
AO ynits/ul T4 DNA ligase for 3-6 hours at 15 U C (resulting in 
concatemeric DNA). After digestion with PvuII-PatI and extraction 
with phenol/chloroform (1:1), an excess of the appropriate 
Pvull-Petl large fragment I dephoephorylated: typically 1 ug of DNA 
in 50 |il 50 mM Tris-HCl pH 8 (about 0.6 pmole 5'ends) treated with 
0.06 unite of calf intestine alkaline phosphatase for 30 min at 
37 V CJ 1© added and the DNA la llgated again. E> coli HB 101 la 
transformed and 4 clones carrying DNA of the predicted structure ae 
determined by restriction analysis (Pvull, Sau3A f TaqI and EcoRX) 
are picked. The clones are designated E. coli HB 101 pJC334, pJC37, 
pJC342 and pJC344 (cf. Table 2). 

Table 2: Origin of DNA fragments used for construction of the hybrid 
IFNs crossed over at amino acid 150. In br ckets th I FN type and 
the section of alFN encoded on the fragments are indicated. 
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resultant 



clon and 



ligated DNA fragment.* (length) 



hybrid 

IFN 

type 


plasmld 
designa- 
tion 


PvuII-Petl 
( bout 4Kb) 


PvuII-Sau3A 
(170 bp) 


Sau3A-PstI 
(210 bp, a-2) 
(320 bp, a-ii 


"DiDjDjB*" 
"BiBzBjD*" 


pJC334 
pJC337 
pJC342 
P JC344 


AK2(o-3 J-92 ) 
AH2(o-3 1-9 j) 
AM21(o-2 1 _ 92 ) 
AM21(o-2 l _ 92 ) 


A»2(o-3 93 _ 150 ) 
A»21(o-2 93 . 150 ) 

An,2(o ' 3 93-150 > 
M21(o-2 93 . 150 ) 


A»21(o-2 151 _ 166 

An2(a " 3 151-166 ) 
Am21(o-2 151 . 166 

A»2(o-3 151 _ 166 ) 



Tjnr^l £ »cttlon of hybrid TFN f enes crossed over »t amin o 
acid 60 

The construction of these hybrid IFN genea ia accomplished by 
essentially the same procedure as described in Example 4. 

Plasmlde P AM2 (o-3) end pAM21 (o-2) are each cut with Hindlll and 
PvuII, and the fr.gmente are separated by eucro.e gradient centri- 
fugation. The HindXI-PvuXl swell fragments (521 bp. containing the 
6-lac promoter region and encoding the N-terminal 92 a B ino acids of 
IFNs v-2 and o-3) are »«P-labeiled and partially digested with Sau3A 
(0,5 unit, of enzyme per ug of DNA, 5 minutes at 37«C. stop reaction 
by phenol extraction). The resulting -ixture of fragments ia 
resolved by electrophoresis in 6 % polyacrylamide gela, and 4 frag- 
menta (two 424 bp HindlII-Sau3A fragmenta and two 97 bp Sau3A-PvuII 
fragmenta) are extracted from the gel. Religation of 3 appropriate 
fragment, by the stepwise procedure as described in Example 4 (see 
Table 3), and transformation into E. coli HB 101 result, in trans- 
formanta of only 2 of the expected 4 constructions: pAM65 
("DtBtDiDk") end pAN90 ("BiDjBjBh") • 



Hirs 



J- 
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rable 3; Origin of DNA fragments u*«d for the c natruction f two 
hybrid IPN genoa crossed over at amino acid 61. In bracketa the 
IFN type and the aection of alPN encoded on the fragments are 
indicated. 



resultant 
hybrid 
IFN 
type 


clone and 
plaemld 
designa- 
tion 


DNA f 

HlndIII-Sau3A 
(424 bp) 


ragment type (le 

Sau3A-PvuII 
(97 bp) 


ngth) 

Hindlll-PvuII 
(about 4Kb) 


B 3 D 2 B 3 B* 


pAM65 
pAM90 


Am2(o-3 161 ) 

"Htt 1 


Am21(o-2 6292 ) 
A»2(-3 62 . 92 ) 


AM2( - 3 93-166> 



For the conatruction of the other two hybrid IFN gene* croeeed over 
at amino acid 61, the plaemlds P AM65 and pA M90 are each cut with 
Hindlll and PvuII, and the small Hindlll-PvuII DNA fragmenta 
(521 bp) ere isolated after electrophoreaie in agarose gele. 
Ligation of the Hindlll-PvuII email fragment of P AM90 with the 
Hindlll-Pvull large fragment of pAM2 results in P AM94 (B^DaD,.), 
end ligation of the email Hindlll-PvuII. fragment of pAH65 with the 
Hindlll-Pvyll large fragment of pAM21 yields plaemld P AW76 
(DjBjBjB*). The structure of the 4 above plasmid DNAs is confirmed 
by restriction enzyme enalysia. 

The respective clones are referred to as E. coli HB101 p/vM65, 
P AM90, pAM94 and pAH76. 



Part II: Construction and clonsing of interferon o-2/e-3 hybrids i n 
Saccharomycea cereviaiae 



All hybrid interferon protein coding sequence* deacribed below have 
been linked to the PH05 promoter and the PHOS transcription termina- 
tion signals, cl ned into the yeaet 2 u vector P JDB207, and trana- 
formed into yeast strain S. cereviaiae GRF18. 
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fragment of a P pr ximately 1300 bp of the conf iguretion PH05 promoter 
- IFN protein coding sequence - PH05 trene riptlon termination 
signal 1. iaolated by agaro.e gel electrophoreai. and electroelu- 
tion. Thla fragment la cloned between the HindHI and BamHI aitea 
of plaeald pJDB207. The plaeodde are tranaformed into yea-t atrain 
CRF18 to Leu* <cf. EP 100,561, cf. al.o Example 14). The resulting 
clonea are referred to a. S. cereviaiae GRF 18/pJDB207 PH05/IFN 
AM104. CRFl 8/pJDB207 PH05/IFN AH114 and GRFl8/pJDB207 PH05/IFN 
AM119. 

E^SEleJ: rn-rruction of plga gid r "»™ 7 PH05 ' IFN AMl29 

Placid P AM94 (Example 5) la completely cut with TaqI and partially 
(in the presence of 10 ng/ml ethidium bromide) with EcoRI. A DNA 
fragment of about 580 bp ia iaolated by agaroee gel electrophoreai. 
and electroelution and ligated to the EcoRl and Xhol cut, gel 
purified, vector part of plaamid P 31RT(A72) (cf. Example 6). After 
transformation of E. coli HB101 to ampicillin reai.tance the pla.mid 
p31R PH05/IFN AM129 ia iaolated. Thie plaeaid containing the 
interferon -»iD.D,D," coding region ia digeated with Hindlll and 
BamHI. and the 1300 bp DNA fragment i. ligated into P JDB207 as 
deacribed in Example 7. Ihe plaamid 1- tranaformed into yeast 
strain GRF 18 aa above. The reaulting clone ia deaignated 
S. cereviaiae GRFl8/pJDB 207 PH05/IFN AM129. 

L^nL°_ Q> Cgnatructionjof pjasm ldj QJDB207 PH05/IFN AM 106, 

AH110 and AMI 12 

Plaamida pJDB207 PH05 IFN/AN 104, AM114 and AM129 (aee Example. 7 
and 8) are digeated with BamHI and PvuII and the 6.8 Kb vector parte 
containing the're.pective C-terminal enda of the interferon coding 
regione are iaolated by agaroee gel electrophoreai. and electro- 
elution. Likewiae, pla.mid pJDB207R/(o-2)A72 (European Patent 
Application No. 100,561) ia digeat.d with BamHI and PvuII and a DNA 
fragment of 800 bp ia iaolated. Ligation of the correaponding 
frag-enta and tranaf rmation of g. coli HB101 givea ri.e t plaamida 
P JDB207 PH05/IFN AM106 (containing the hybrid interferon "BiBzBjD*" 
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,. !.»> - h ' brli lot "7" 

p JM2 07 FHOS/IFX AM106. pJDB20J JK05/IFN AMlU .nd P^07 
PH05 /IFN AM110. 

S^p^ Constr^c^^ 

Sii*" PJ .B207 PH05/IFN -U, (Ex^e 7, i. digested wich Hindll! 

and Bglll «- < h < 7 ' 5 Kt VeCt0f P8ft CCntfllnln8 ^ N_te t " 
of the interferon coding region 1- isolated by agarose gel electro- 

l;:.: an o ^ 

AK114 and pJDB207 PH05/IFN AM104 (see Example 7) are each digested 

a „a DNA fraeaents of about 600 bp containing 
with the same enzymes end DNA iragaente 

the C-terminel end of the interferon coding re g ion are isolated. The 
corresponding fragment, are ligated with T4 DNA ligase. After 
reformation of E-oli HB101 pWds pJ DB207 PH05/IFN DHl 
containing the hybrid interferon -..D.B.De- coding region and 
PJDB207 PH05/IFN DK2 containing the hybrid interferon B^D.B. 
coding re^n are obtained. Yeast strain GKF 18 is transformed aa 
described above. The resulting clones are referred to as 
S, cere vislae CRF18 P JDB207 PH05/IFN DM1 and S . cerevlsiae GRF18 
P JDB207 PH05/IFN DM2. 

LlllLilL rr 21 ° J ™ ?07 wob,m HR1 ^ 

Plaamid pJDB207R/IF(o-2)n72 (European Patent Application 

No. 100,561) is digeated with BamHI and PvuII and a DNA 

6 8 kb is isolated. Likewia. plae^id P JDB207R/IF (o-3) (» 100.561) 

is digested with the same enzyme, and a DNA fragment of 800 bp i. 

iaolated. Ligation of the two DNA fragments and transformation of 

E, coll HB101 to ampicillin resistance gives pla.mid 

P JDB207 PH05/IFN HRi43 containing the hybrid interferon "DiDiBjBh 

coding region. Yeast strain CRF18 i. transformed as above. The 

vaulting clones -re referred to as S^erevisie. CRF18 pJ OB20 7 

PH05/IFN HR143.. 
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Example 12; Tranaf ormatJon of Sacch aromyces cerevleia CRF18 and 
induction of Interferon production 

Plasnid pJDB207 PH05/IFN AM129 ("B^zDaD,") is introduced into 
Saccharomvces cerevisiae strain GRP18 (o, hia 3-11, hie 3-1 S . 
leu 2-3 . leu 2-112 . can*) fn analogy as described (Hinnen et ml.. 
Proc. Natl. Acad. Sci., USA 75, 1929 (1978)) One |ig of plaemid DNA 
iB added to 100 pi of a epheroplast auapension and the fixture la 
treated with polyethylene glycol. The apheroplaate are nixed with 
10 ml regeneration agar and plated onto yeaet minimal medium plate* 
without leucine. After incubation for 3 daya at 30"C. about 1000 
transformed cella are obtained. 

One aingle yeaet colony from the yeast tranaf ormation platea I named 
Saccharomvcea cerevisiae GRF 18/pJDB207 PH05/IFN AK129J ia picked 
into 10 ml of yeaet minimal medium in a 100 ml Erlenmeyer flask, and 
grown at 30"C at 200 rpm for 24 hra to a denaity of about 
2-3x10"' celle/ml. The cella are waahed once with 20 ml of low-Pj 
minimal medium las "Difco yeast minimal medium without amino acide" 
supplemented with 20 g/1 glucose, but prepared from the components 
according to the recipe of Difco (Difco Manual. Difco Laboratoriea, 
Detroit. USA) except that 0.03 g/1 KH,P0„ plue 1 g/1 KC1 ie uaed 
instead of 1 g/1 KH 2 P0.J. Three ml of the reauapended cella are u»ed 
to Inoculate 300 ml low^ minimal medium and 300 ml normal minimal 
medium, reapectively. in 1000 ml Erlenmeyer flaak*. Incubation ia 
at 30-C at 160 rpm. Induction of the PH05 promoter ia followed by 
meaauring the appearance of acid phosphatase activity in whole cells 
as described (Toh-e et al.. J. Bacteriol. 113. 727 (1973). The cell, 
are grown to -bout 1-2x10' celle/ml (26-30 hrs of incubation). 

Example 13_1 Preparation o f veaat cell extracts and determlnstlon of 
the interferon tltre 

Cells from the 300 ml culture medium (••• Example 12) at a denaity 
of 1-2x10' /ml ar collected by centrifugation in a Sorvall GSA rotor 
fur 5 min at 8000 rpm at 4"C. The cella are waahed once with 100 ml 
M,0. reauapended in 6 ml ice cold lysle mix 10. 1 M potaa.ium 
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kfff(liU , X ( V/V ) irit n X-100.0.0001M PMSP 
phoaphate buffer pH /.<», l * lv/v ' 

* a 30 .1 cor x tube. The auspeneion ia 

(Herck)) end traneferr d to a 30 ,1 « ^ 

centrifuged again for 5 min in a Sorvall SS-34 rotor 

i i j s i lv6i6 oix at 0 e C. Four grama of glaae 
4 e C and reeuapended in 3 ml ly*« » l * at 

. % .aa*a to the cells and the euapeneion 

bead. (0.4 mm in diameter) are added to the 

i. ehaken on a Vortex Hixer (Scientific Inetrumente In . . USA) a 
f .ll apaed for 30 sec and then cooled <or 1 »in in an ice be Th - 
.baking procedure ia repeated 5 to 10 ti.es until ^ ^ - 
cella are broken (check under light ,icroeco P e). C 1 • 
g l ae6 beada are removed from the eolution by centrifugation fo 

t ranaferred to Eppendorf tube., fro.en in ii.id nirrogen and 

, HWtv H B determined according to 
£tor d at -60°C. Interferon activity 1b cetera 

. t 1 [J virol 37, 755 (1981)] to be T10* units/«l 

S. Rubinstein et al. viroA 

cell extract. 
■ S _ i ^u lii .tr.l. «»• i. «*- •** 

«!!. «. h.rv..«d . th. .nr.. « 

,b.v.. The I FN tit... .« " f."»"» : 



,9 



s. 


ccrevieiae 


S- 


cerevisiae 


s. 


c revifiiae 


s. 


eerevieiae 


s. 


cereviiiae 


s. 


cerevisie* 


s. 


ct-reviaiae 



units/ml 
5»10 9 unite/ml 



^ Hnn8 c. cereviaiae etraine 

Under the name conditiona, b- c **£ 

« i7y ( E p 100.561) give titr a of 

GRH8/PJDB207R/1F (a-2) end /IF (o-3) (EP 

1.10 8 and 3-10 9 unit./-l. * apectively. 
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, f hvbrld int^rferos »B.P.PiP»" ^J^JiSZ 
Ex i m E le_Ul Production of hybrid in 

Yea6t .train CRF 1. bearing the pi - d p*» ^ ^ 

. /or hvbrid interferon B;Ujuji"« 
..coding th. f« »,b f d ^ ^ >utf . c . of 

... .cia pho. P h.«... p»~«' SB- „ . t 30-c u»tii 

f vuu medium. The plate ia 
an ag .r culture of Y»B »ediu ^ ^ ^ . 

confluent growth U observed. A *teri ng the 

po ,tion of the aurface culture to a ahefce fl.* 
pre-culture »ediu», Irt/21 containing 



10.0 g 
6.6 g 
1.0 g 
1.9 g 
0.02 g 

33.0 g P*r 1 1 deioniaed water. 



Ycaat, extract (Difco) 
L-eBparagine'HjO 

KH 2 P0w 
MgS0^7H 2 0 
L-histidine 

D-glucoee Uonohydrete) 

100 ml of medium. 

- - - 1 - k h -;.; :rr rr;:rrr . » — .« 

medium and incuo»" MACO nd pre-culture 

fir.* pre-culture. Sufficient £!..!» fro- the ..cond P 

combined to provide 1 % v/v inoculum for the 30 1 fer 

t : i » ^ » — f ° Ur ba£flBB ^ Vs The 

operating vol flff4tater with a diameter of US mi. The 

.ix-bleded disc turbine agitator wi vol/vo l/.i» and 

^. *00 rav/min, air i» eparged at * VOi ' 
Bgi tatio„ rate *• ^ J ^ ^ b „. The „ation te.pe- 
th. overpreaaure i. maintain 
r *tore ia 30'C. The fermenter ia at riliaed 
containing 
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Yeast extract (Difco) 2.0 g 

L-aepnrgin 'H^O 6.6 g 

MgSOwOHjO 1.0 g 

L-histidine 0.02 g 

D-glucose (monohydrate) 33.0 g per 1 1 deionieed water. 

glucose being sterilised separately and added to give a final voW. 
f 30 1. 

After inoculation the fermentation P H value is controlled so that it 
does not fall below 6.0 by addition of sodium hydroxide. The 
fermentation has a duration of about 18 h or until the maximum yield 
of interferon is reached. 

The optical density which i. a convenient measure of the growth of 
the yeast reaches a value between 6-7 OD unite. The glucose is 
largely but not completely consumed and there la an induction of 
acid phoephataae activity concomitant with the production of 
interferon. 

The interferon titre can be m-aur.d in crude extracts prepared by 
mechanical cell discription in the laboratory and ia 7-10 unite/1 
cell extract. The protein content of th. crude extract ia approxi- 
mately 1 mg/ml. 

At the end of the fermentation the culture broth may be cooled to 
10-C if neceaaary prior to harveating and recovery of the hybrid 
interferon. 

30 1 culture broth of P H 6.0 ia cooled to 10*C and the cells are 
aeparated with a Sharplea* centrifuge. The clear supernatant 
contain no I FN activity. The obtained cell maaa ia adjuated with 
Buffer X (2 «M Trie P H 8.0. 5 mM EDTA, 0.5 M NaCl. 20 pM phenyl- 
Be thylaulphonylfluoride) to 1400 ml and haa a P H value of 8.0. After 
cooling to 5-10-C the eusp.nsion ia passed through a DYN0»-Mill 
(type KDL Pilot, 0.6 1) provided with polywrethane agitator dieke 
and 500 ml glaas beads of 0.5-0.75 mm diameter and having an 
agitation ep.ed of 3,000 rpm and a feed rate of 10 1/h, whereby the 
cella are disrupted. Th suspension has a pH value of 8. The 
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*u*peneio„ containing the brokeil ^ u ^ ^ 

tion The centrifugation is perfo „ )ed & ^ 
12.000 rpa, at 4"C for 20 .in. 

The strain S, cerevl, ^ GRF18 bearlng tha plfl8mld 

P.DP207 PH05 /1FN ^ AMla|> ^ 1|f x>Ml and DM2, ree P ectivel y . can 

V; tUred ^ 0 Cl " lfled 80lUtl ° n CO " ta ^"8 'he corresponding 
hybrid interferon can be produced in an analogoua manner. 

Example 15: Prepara tion of extracts of r i „ 

~^ K * extr^ctfl of E. coll strai n HB101 / p AMVL 

and deter mination of I FN activity . ~ 

^coli strain HB101,pAM9* i. grown to an optical density of 8 at 
650 „. ln j llter of „ 9 BediuB contfilnlng 0 ^ % caeamino 

2 % glucose. Cells are sedi.ented and resuspended in buffer (16 g 
cell S in 160 .1 buffer) containing 0.1 M Tris-HCl p H 8.0 0 5m 
NaCl, 5 mH EDTA and 100 p* P MSF . L y „„ yBe le added tQ m ^ 
concentration of 1 Bg/ml . X he ablution is then kept on ice for 
30 .i„. The cell, i„ thl . suspension are opened using a Sorvall 
°»ni.ix at a setting of three ti.es for 60 seconds. The auspension 
containing the broken cell, is clarified by centrifugation In a 
Sorvall 6SA rotor at 12.000 r P » at 4«C for 20 .in. The supernatant 
la assayed for Z » ectivity using the .ethod of S. Rubinstein et al. 
(supra). 

An in activity of 5-10 7 unit./.! cell excr-ct is found. 

In an analogous .anner. E^coll strains HB101/pAM90. pJC 344 and 
PJC342 are cultured and the interferon titres are detennined a. 
above to be 5-10 8 . 5-10 7 and 5O0 6 units/.l cell extract. 

Example 16; Preparation of hvbridnm. cells 

•> Source.of^^^^ A eample Qf ..^.^^ 

leukocyte I FN (IFNe) obtained fro. Dr. K. Cantell (Helsinki) wlth . 

fip cific activity of 13 x 10 b Til 

/ ox i; x ju iu per n>g protein ia used f r the 

invnjuni2ati ne. 
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4 ,„ tlon pro toc 1: Seven female Balb/c mice 

* ^ J (di{co) A £u „ het lnj . c . 

tJcr, of 4 x 10> I" » f »™" IU of IF»« *» 

., da, 30. .»d • bo..". i.J«ti.» H.P.) "° 1 



fusion. 



«r« .re oerformed according to 
Ail f union experiments * re ^ 

fciix*- « l J c . Hiletel „ (tatu „ Bj. .» «.»» 

„.!„ «h. «.»..««!., S, *•> ' c . u . 

c.„. vnd. o. «u«, St- ' ^ j nl of 50 , 

■ j^v, 10' mveloma celle *n tne 
" Uh 1 1 , TpL .500. S .->. Af«r ...hl«. <- «»' 

. „.„.,«— 1. « -1 •< .»-«d ^»V.«« ^ c . u . 

rwncnn 3xlO k normal mouse periton"* 
(Glbco Ko. 0422501). 3xiU dlfltt ibut e d into 

„, fu .,„ ... » ulth ...^ «, 

— ■ • ' .„„ .„ * . co.M„.d 

C . U , b.c.».. vi.lt!.. P j „ £ 

quantitiee of immunoglobulin. 

Balb/c mice 8-10 wee.e of ... ^ 
prot ,eated intraperitoneal^ with 0.3 1 P ^ 

. i 2-5x10* cloned hybridoma cella ana u 

2-3 weeka later. 2 5x10 flold ^ 

.„ inoculat d intraperitoneal^. After 8 10 y 
coll ected. contrived at 800 x , and atored at -20 C. 
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Defrosted ascites fluid is centrifuge* at 50000 x g for 60 win. A 
fat layer fl ating on the surface is car fully rem v d, and the 
protein concentration ie adjusted to a concentration of 10-12 mg/ml. 
Crude immunoglobulin is precipitated by dropwiee addition of 
0.9 volume equivalents of saturated ammonium sulphate At 0"C f then 
dissolved in 20 mM Tris-HCl/50 mM NaCl (pH 7.9) and dialyaed againat 
the flame buffer. An immunoglobulin fraction is obtained by DEAE-D52 
cellulose (Whatman) chromatography using a buffer gradient system of 
20 mM Tris-HCl/25-400 mM NaCl. pH 7.9. The immunoglobulin is again 
precipitated with ammonium aulphate and dissolved in PBS at a 
concentration of 10 mg/ml. 

Sodium dodecyl aulphate polyacryl amide gel electrophoresis 
(SDS-PACE) demonstrates a purity grade of more than 95 percent for 
the monoclonal antibodies 144 BS. 

Example lb ; Determination of class end subclass of monoclonal 
antibodies 

The class and subclass of monoclonal antibodies produced by cloned 
hybridoma cells is determined by the known agar-gel immunodif fusion 
technique of Ouchterlony using class and subclaea specific rabbit 
antibodies (Bionetics). The results are confirmed by an enzyme 
immunoassay (EL1SA) In the following way: Microtiter plates are 
coated with 1 ug per well of a rabbit immunoglobulin preparation of 
a class- or subclass-specif ic serum (Bionetics) in 50 >il of PBS. 

Free binding capacity of the plate is saturated with a buffer of 1 % 
bovine eerum albumin in PBS containing 0.2 % NaN 3 (w/v), pH 7.4. 
100 ul probes containing monoclonal antibodies are incubated in the 
veils at 37*C for 1 h. The plates are washed with PBS, then incubat- 
ed at 37 M C for 1 h with a phosphatase conjugated rabbit immunoglobu- 
lin preparation of the same specificity as used for coating the 
plates. The fixed enzyme is developed by incubating (37 W C, 30 min) 
with a soluti n f the en2yxne substrate p-nitrophenyl phosphate 
(1 mg/ml in diethanolamine buffer 10 % containing 0.5 mM HgCU and 
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0.02 % (v/v) NaN 3t pH 9.8) and measuring the optical density at 
405 ma. The monoclonal antibodies BS belong to the claae IgGjr 
(Kappa). 

Example 19 s Combined immunoprecipi tation-bloaasajf 

50 |il of crude natural human leukocyte I FN or recombinant IFNo poly- 
peptide© (Example 20a) (10* IU/ml) ere mixed with equal amounts of 
teat solution, e.g. the culture supernatante of hybridomae or PBS 
solutions of purified monoclonal antibodies, and incubated at 37 V C 
for 2 hours in microtubes (Eppendorf 3810). Subsequently, 50 ul of 
previously titrated rabbit anti-mouse Ig antibody (Nordic) ie added 
and the mixture incubated at 37 M C for 1 hour and then at 4*C for 
16 hours whereby free and IFN-bound monoclonal antibodies form 
immune complexes. The tubes are centrifuged at 12,000 rpm at 4 U C for 
5 min. The immune precipitate ia washed once with 1 ml cold buffered 
saline (pH 7.2), then dissolved in 200 ul of buffered saline pH 2.2. 
The I FN acitivity liberated thereby ie determined in a standard 
bioaseay according to J. A. Armstrong, Appl. Microbiol. 21 t 
723 (1971). Inhibition of cytopathic effect of Hengo virus 
(400 plaque forming units per well) is assesed by using Hep 2 cella 
(3 x 10* cells per well) in microtiter plates. 

Example 20; Determination of interferon specificity 

a) Source of recombinant IFNft polypeptides: LylFN-o-1 , LyIFN-a-2 and 
LyIFN-a-3 polypeptides which are related to IFNaF, IFNaB and IFNoD, 
respectively, are described In European Patent Application 

No. 76,489. IFNaA and IFNoJ are obtained from Dr. J. Daviee 
(Biogen, Geneva) and Prof. C. Weiasoann (University of Zurich, 
Switzerland), IFNoC from the Weifcmann Institute of Science, Depart* 
meht of Virology, Rehovot, Israel. 

b) Source of monoclonal antibodies to IFN used for comparieon: 
Monoclonal antibodies 1K2 and 2K2 are pr pared as described in 
British Patent No. 2,108,510. HAb NK2 and YOK are obtained from 
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Celltech (Berkshir ), IY-1 end IY-2 fro*. Inter-Yeda (Israel), S-l , 
S-2. S-3 end S-4 from Dr. C. Favre, UNICET. Dardilly (France), and 
MAb 1/26 fro* M. Aguet, University of Zurich (Switzerland). 

c) Determination of reactivity of the various monoclonal antibodi-e 
to the IFNo subtypes ie performed by the combined immunoprecipita- 
tion bioassay of Example 19 and the tandem radioimmunoassay des- 
cribed by D.S. Secher. Nature 290, 501 (1981). The reeulte are 
collected in Table 4. 

The monoclonal antibodies 144 BS, U2 and 2K2 do not react with 
human IFNB (Rentechler, Laupheim, Vest Germany) or hu»an IFNr 
(Bio Science, Emmenbriicke, Switzerland). 
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bl. 4: IgnunoH ci sltatlon by HAb'a of recombinant IFNo subtyp e 



Monoclonal 
antibodies 


IFNo subtypes 


A 




C 


a- 3 


o-l 


J 


J 44 BS 


T 


+44+ 


4++ 


♦4-*- + 




44 . 












4 


444 




444 
















444 


4444 


44 


▼ XX 




4444 


_. 






▼ X XX 




4444 






44 




4444 




















44 + 
























+ t44 


44 


4 


S-l 


4+4 


4 








S-2 


444 










4 






4 444 






44 


4444 


S-3 


444 


















4 


4444 


S-4 


4444 
















44+ 








4 + 


IY-1 


44 




















4 


444 


IY-2 


4444 
















44+4 






44 


444 


1/24 


4444 









legend: 100 % binding « * blndln * 

♦+ 50 % binding ♦ 25 X binding 

; 10 X binding - 0 * binding 

blank binding not determined 

(approximate values) 



The result- of Table 4 demonstrate that monoclonal antibody 144 BS 
display* a unique binding pattern. Notable are above all the low 
binding to JFNaA and the efficient binding to IFN-c-2. IFB— S and 
IFN-o-l polypeptides. 

Furthermore the results of Table 4 allow the epitope enelyai a 
achematically depicted in Table 5. 
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Table 5: Epitope analysis of recombinant lFrio subtypes 



recombinant 
IFNo subtype 


Epitope recognized by monoclonal antibody 


K4 BS 


1K2 

2K2 


NK2.S-3 
IY-1,1/24 


YOK 


S-l 


S-2 


S-4, 
IY-2 


A 

o-2 
o-3 
a-1 
J 


x XX —XX x X X XX 

XX ■ XX x 

XX XX XX XX 

X x— X X x 

X X —XX XX x x XX 



From the analysis of Table 5 the fact emerge* that the epitope 
combination of each IFNa subtype ie unique. Further, the analysis 
allows the prediction of suitable pair© of monoclonal antibodlea for 
the determination of specific subtype© of IFNa with the exclusion of 
other subtypes in a tandem immunoassay. For example the combination 
of monoclonal antibody 144 ES with any of the MAb's S-3, IY-1, 

r 1/24 will be useful for the detection of IFNaB without inter- 
ference by IFNoD, and the combination of the MAb 144 BS with HAb YOK 
for the detection of IFNoD in presence of IFNoB. 

Example 21: Preparation of an innnunoadaorbent column 
One ml of settled Affi-Gel® 10 (Bio-Rad) ie coupled to 1 1 mg of 
monoclonal antibody 144 BS according to the manufacturer 1 a instruc- 
tion: Affi-Cel* 10 is w*ahed on a sintered glass filter firat with 
cold distilled water and then with a 0.1 M NaHC0 3 solution pH 6.0 
(coupling buffer). A suspension of 50 % gel in coupling buffer Is 
transferred into a plastic tube, mixed with an equal volume of 
purified monoclonal antibody solution and rotated for 4 hours at 
room temperature. After coupling the gel ia washed with coupling 
buffer and. in order to block unreacted sites, is treated with 
0.1 ml of 1 M ethanolamine-HCl (pH 8.0) for 1 to 2 hours at room 
temperature. The gel is washed with PBS in the presence of 
10 mM NaN 3 and kept therein at 4 M C. 
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Example 22: Purification of recombinant IFNo by imtnunoaf f lni ty 
chromatography 

A suspension of broken E.coll cell producing recombinant IFNa, e.g. 
E.coli HB 101/pAM94 (cf . Example IS) ie clarified by centrif ugation 
in a Sorvall 6SA rotor at 12,000 rpo at 4 V C for 20 min. Polyethy- 
leneimine (Polyioin P», Fluka, pH S.0) ie added to the supernatant 
to a final concentration of 0.25 % (w/v). The solution ie stijred 
for 1 hour and subsequently centrifuged. The pellet ie discarded and 
the supernatant brought to 65 % saturation with solid ammonium 
sulfate* This mixture ie stirred for 1 hour and then centrifuged. 
The supernatant i6 discarded and the pellet suspended in one tenth 
volume (15-20 ml) of PBS (pH 7*2). The solution is dialysed over- 
night against PBS containing 0.02 % NaN 3 . 

The dialysed solution ie mixed with 1 ml of the lmnmnoaf f inity gel 
of Example 21. This mixture is gently agitated for 1 hour, then 
packed into a column and washed successively with 5 column volumes 
of PBS i 5 column volumes of PBS containing 0.5 M NaCl and 0.2 % 
Triton X-100*, and 5 column volumes of PBS: Alternatively, the 

icxfflunoaffinity gel is packed first into the column and the dialysed j 
solution added on top, then washed as described. The recombinant 

hybrid IFNa ("B^DjDi,") ie eluted with en acid buffer pH 2.5 ;j 
containing 0.1 M citric acid and 0.3 M NaCl. The active I FN fr*c- ^ 
tions are neutralized with 1 M Trie, dialysed against PBS and ; j 
concentrated to about 0.1 mg/ml protein using ultrafiltration flat 1 
b d membranes XM10 (Amicon Corp.). \l 

The maximum capacity of the immunoedsorbent column of Example 21 
containing 17 mg of monoclonal antibody 144 BS ie about 1.2 mg of 

each of IFN-a-2 and IFN-o-3 polypeptides, at least 0.8 mg of IFN-o-1 , 

type polypeptide, 1.15 mg hybrid interferon "B1B2D3BU" » 1-25 mg 

hybrid interferon "BjDaBaB*", 1.25 mg hybrid int rferon "BiDrDBD*," , 

0.44 mg hybrid interier n M BiB 2 B 3 D./\ 1.6 mg hybrid interferon 

,, BiD 2 B 3 Du , \ 1.6 mg hybrid interferon "Bi^DaBi^ 1 , 1.15 mg hybrid 

interferon "BiBaDaD*" and 1.25 mg hybrid interferon "DiDzBjBm" . The 
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lmihunohdiiorbent gel may be used for up to 50 separation* without 
substantial loss of capacity. Recombinant IFN-a-2, IFN-a-3, IFN-a-i 
type polypeptides and hybrid interferons purified by this method art* 
homogenous on SDS-PAGE. 

Example 23: lmmunodot analysis 

lmmunodot analysis la performed according to R. Hawkes et al., 
Anal. Biochem 119 , 142 (1982). Probes containing natutal or re- 
combinant Interferona **re spotted on nitrocellulose eheeta at 
different concentrations. The dots are air dried and the remaining 
binding capacity of the nitrocellulose blocked by incubation in a 
Tris buffer (0.15 M NaCl, 0.01 M Trie-HCl, pH 7.6) containing 10 % 
horse serum. The nitrocellulose strips are then incubated with a 
solution of ibonoclonal antibody 144 BS (23 jig/ml) f and similarly 
prepared strips with either a solution of monoclonal antibody 2K2 
(30 ug/ml) for comparison, a solution of a normal mouse immuno- 
globulin (1:100 dilution) as a negative control, or a solution of a 
polyclonal anti-human interferon o mouse serum (Enzo, 1:1000 dilu- 
tion) as a positive control. After washing, all strips *re treated 
with rabbit anti-mouse immunoglobulin labelled with peroxidase 
(Nordic, 1:400 dilution), and the bound Becond antibody developed 
with a peroxidase substrate, 4-chloro-l-naphthol . 

The monoclonal antibody stains IFNoD type polypeptides (such as 
IFN-a-3) in concentrations down to 0.4 ng per dot and IFNaB type 
polypeptides (such as IFN-a-2) at 10 ng per dot, whereas HAb 2K2 
recognizee only IFNoD type polypeptides (4 ng per dot). 

Example 24: Bead-radio- lmmuno-tandam-ae say 

a) Radiolabelllng of monoclonal antibody 144 BS with l * b I: 
0.1 mg monoclonal antibody 144 BS are lodlnated with 115 1 sodium 
iodide (1 mC) and chloramlne I according to a standard method of 
F.C. Greenwood et al-, Biochem. J. 89, 114 (1963). The re ctlon 
product is purified with a ion exchange column Bio-Rad* AG 1x8 and 
the activity standardized to 4 x 10 3 cpm/ml by dilution with PBS. 
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The iodination of monoclonal antibody 2K2 ie performed likewise. 
Monoclonal antibodies YOK and NK2 are coimDercially available in 
radiolabeled form from Celltech. 

b) Coupling oi monoclonal antibody 144 ES to macro beads: 
Polystyrene beads (diameter 6.3 dud, Spherotech AG, Zurich) are 
incubated at 4 U C for 16 hours by gentle rocking in a solution 'of 
1 sjg/iul MAb 144 BS in a coupling buffer of PBS containing 5 mM EDTA 
and 0.1 * NaNj (pH 8) in a ratio of 20 beads per 10 ml solution. The 
coated beads are then transferred into a blocking buffer of PBS 
containing 10 % horse serum and 0.1 % NaN 3 end kept therein at 4*C 
until use, at least for 24 hours. 

The coupling of other hAb's is performed likewise, 

c) ar sa y procedure: Plastic tubes (Falcon. 5 ml) are ceet-d with 
0.5 ml blocking buffer of PBS containing 10 % horse serum end 
0.1 % NaNj overnight. The buffer is removed by aspiration, and 
0.2 ml of an IFN-containing test or standard solution in blocking 
buffer added directly to the bottom of the tube. A MAb-coupled and 
blocked bead of Example 24b) is shortly dried on a clean tissue and 
carefully transferrad without causing foam into the tube containing 
the 1FN solution. The bead is incubated for 4 to 6 hours at room 
temperature with gentle rocking. The IFH solution is removed by 
aspiration and each bead washed three times with 2 ml of blocking 
buffer. The bead is then incubated in 0.2 ml of an ■ •» I-labelled 
ee cond antibody (Example 24a) corresponding to 60 x 10' cpm for 
16 hours at 4"C, washed three times with PBS, -nd transferred into a 
new tube for countings 

Table 6 presents the results for stsnderd solutions of 1M-.-3 and 
IFW-.-2 polypeptides obtained with different combinations of solid 
phase (bead-coupled) first antibody and -I-labelled second 
antibody . 
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Table 6: Selection of suitable monoclonal antibody combination for 
IFN-a-2 and IFN-c-3 polypeptide ±*$&y 



Solid pnaee 
antibody 


radiolabelled 
second antibody 


cpio per iu 


IV J ml louno 


IFN-a-3 


IFN-a-2 


144 BS 


2K2 


113 


105 


HC BS 


144 BS 


103 


58 


144 BS 


YOK 


16,793 


313 


144 BS 


NK2 


78 


3.733 


; 2K2 


144 BS 


52 


2 


polyclonal 


3 44 BS 


1,572 


546 



polyclonal: Bead-coupled, polyclonal eheep anti-IFNa antibody 
obtained from Celltech. 

best result* are obtained with the combination of MAb 144 BS with 
MAb YOK for th« detection of IFN-a-3 and with the combination of 
MAb 144 BS with MAb KK2 for the detection of IFN-a-2. 

Figure 4 *»hows the reault of quantitative titration experiments with 
the combination of MAb 144 BS coupled to the aolid phaae end MAb NK2 
in radiolabelled form. The aeaay gives linear results from 1 to 
5000 IU/rol (2 pg/ml to 10 ng/rol) of IFNaB type polypeptides. 
Difference* in the titration curves of IFN-a-2 and "Standard oB M 
type polypeptide (from Celltech) are due to variations in bioaeeay 
measurements of the two I FN preparations . 

Similar results are obtained in quantitative experiments for the 
measurement of IFNaD type polypeptides with the combination of 
HAb 144 BS coupled to the solid phaae and MAb YOK in radiolabelled 
form. The assay detects reliably down to 1 lU/ml (2 pg/ml) of IFNaD 
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type polypeptide.. Th combination of hAb 144 bS coupled to the 
00 lid phase and MAb KK2 can aho be uaed for the d termination f 
jFNoF type polypeptides. 

d) Shortened assay E jocedure /-^.u.^eu, aasay): Using the general 
procedure described in Example 24c), the MAb-coupled bead ia 
incubated for 3 hour* at room temperature with the teat solution 
(0.1 ml) and the radiolabeled aecond antibody (0.1 ml) together, 
omitting the washings in between. 

rigure S shows that the ahortened simultaneous a 6 s«y can be uaed 
reliably for the rapid screening of IFNoB type polypeptide (auch as 
IFN-o-2) samples containing 150 lU/ml or more, but ia considerably 
lees senaitive than the asaay of Example 24c). 

bg - background 

• K ) Test kit for besd^ radi^—™- tandem assay: A teat kit for the 
ttSB ay described in Example 24c) container 

100 plastic tubus Falcon 5 ml 

100 polystyrene beads 6.3 mm coated with monoclonal -ntlbody 
144 BS in PBS containing 10 % horse serum and 0.1 % NaN 3 
20 s.1 of »"1 labelled monoclonal antibody YOK of a specific 

activity 4x10 s " cpm/ml 
20 ml of »"I labelled monoclonal antibody NK2 of a specific 

activity 4x10* cpm/ml 
2 n.1 standard solution IFN-u-1 containing 10* lU/ml 
2 „1 standard solution IFN-a-2 containing 10« IU/ml 
2 ml standard eolution IFN-o-3 containing 10* IU/ml 

1000 ml PBS containing 10 % horae eerum and 0.1 % NaNa 

calibration curve 
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Example 2 5: Enzyme-iunnunoa i. way (ELISA) 

a) Labelling of monoclonal antibody 1* 4 BS with alkaline phos- 
phatase: 1.4 tug of MAb 144 BS in 1.4 ml of PBS ere coupled for 

2 hours with a eolution containing 5 mg of alkaline phosphatase 
(SIGKA P6774, type VII-T) according to the standard method of 
Voller et al., Bull. World Health Organ. 53. 55 ^976). ueing 
glutaraldehyde (0.2 % v/v) . The conjugate ia transferred into 5 ml 
of Trie buffer 0.05M, pH B.O, containing 1 orool of HgClj. 1 % BSA 
and 0.02 % NaN 3 . The .solution is kept in the dark at 4"C. 

b) A aBt ,y procedure: Polypropylene microtia* platee 

(Dynatech Labe. Inc.) are coated over e period of 2 hour, at 3? V C 
and overnight at 4"C with 150 pi of a solution of the monoclonal 
antibody NK2 (Celltech, 10 ug/nl) in e buffer pH 8.6 (carbonate- 
buffered 0.9 % saline solution containing 0.02 X sodium elide). The 
platee are washed five tines with PBS, end protein-reactive sites 
that are still present are saturated by incubation for 1 hour et 
37-C with 250 ul of a buffer P H 7.4 (0.2 * gelatine end 0.2 X NaN 4 
in PBS). Plates coated in this manner can be kept at 4*C in this 
buffer for a few days. 

50 ul of e dilution series of e test solution or a etandard solution 
containing IFNa subtypes, 50 ul of buffer P H 7.4 and 50 pi of a 
eolution of the phosphatase-labelled antibody 144 BS (Example 25a) 
that has been diluted 1:100 with buffer pH 7.4 are mixed and 
incubated in the wells of the microtitre platee for 2 hours at 37"C 
and for 30 minutes at 4"C The plates are washed five times with 
PBS, then incubated for 30 minutes et 37"C with 150 ul of a eolution 
of p-nitrophenyl phosphate (1 mg/ml in 10 % diethanolamine buffer, 
0.5 mM HgCl 2 , P H 9.8). By measuring the optical density et 405 nm, 
the amount of released p-nitrophenol ia determined, which is 
proportl nal t the amount of the bound enzyme phosphatase and hence 
proportional to the amount f the IFNo subtype in the test eolution. 
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This assay can be used to determine the amount of IFNuB type (such 
as IFN-o-2) or lYNaf type polypeptides. For the determination of 
IFNaD type (euch as IFN-a-3) polypeptides, the microtitre plate la 
coated with the monoclonal antibody YOK (Celltech) in place of NR2. 

Similar results are obtained, when the microliter plates are coated 
with MAb 144 BS, and phoephatase-coupled MAbs NK2 and YOK, respect- 
ively, are ueed as second antibodies. 

c ) Test kit for ELISA: A teat kit for the assay described in 
Example 25b) contains: 

polypropylene microliter plates, 
20 ml of monoclonal antibody NK2 (10 ug/ml) in carbonate-buffered 
saline (0.9 % HaCl , 0.42 % NaHC0 3 , 0.0072 % Na 2 C0 3 , 
0.02 % NaNj) 

1 ml of alkaline phosphatate-coupled MAb 144 BS (Example 10.1, 

0.3 mg antibody per ml) in Tris buffer (0.05M, lmM KgCl 2 , 
1 % BSA, 0.02 % NaNa. pH 8.0) 

2 ml standard solution IFN-a-1 containing 10* IU/ml 
2 ml standard solution IFN-a-2 containing 10* IU/ml 
2 ml standard solution IFN-a-3 containing 10' IU/ml 

300 ml PBS 

300 ml buffer P H 7.4 (0.2 % gelatine and 0.2 % NaN* in PBS) 
50 ml of p-nitrophenyl phosphate (1 mg/wl) in diethanolamine buffer 
(10 %, 0.5 mH MgCl 2 , 0.02 % NaN 3 , adjusted to pH 8.9 with 
HC1) 

calibration curve 
colour intensity scale 

Example 26: Purification of hybrid interfero ns using precipitation 
and chromatographic methods 

1 1 of interferon ,, BiD 2 DiDi. n containing solution clarified by 
centrifugation (cf. Examples 13-15) is cidified using 2M HCl until 
th solution reaches pH 2.2, The s lution is stirred for lh at 4"C 
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and the precipitat d protein 1b separated via cent rif ugation (GSA 

rotor Sorvall at 12,000 rpm at 4"C for 20 min). Th pellet la 

discarded and the supernatant Is brought to 30 % saturation with 

solid ammonium sulfate. This solution is stirred for lh at 4 V C and 

then centrifuged. The supernatant containing the interferon ia then 

dialyeed against 0.1M NfUHCOj at pH 8.2. An Interferon activity of 
g 

about 10 IU/ml 1b found. 

A column containing 50 ml chelating Sepharosa 6B (Pharmacia) loaded 
with Cu^* ions according to the manufacturer 1 a instructions la 
equilibrated using 250 ml 0.05M sodium acetate pH 7.0 and 0.5M NaCl. 
200 ml of dialyeed solution (sea above) is applied at 4 V C to the 
column. The column is washed with 150 ml equilibrating buffer- 
Elution of bound interferon ia performed using a linear gradient of 

250 ml 0.05M sodium acetate pH 7.0 and 0.5N NaCl 

250 ml 0.05M sodium acetate pH 2.8 and 0.5M NaCl 
and followed by a wash of 150 ml of 0.05K sodium acetate pH 2.8 and 
0.5h NaCl. 

The active Interferon fractions are pooled and dialysed ogalnet 

0.05M Tris*HCl buffer pH 8.0. Interferon activity in th« dialysed 

g 

solution is approximately 10 IU/ml. The maximum capacity of the 
column is about 75 mg of interferon "BiDzD}D*" . 

A column containing 50 ml Q-Sepharose anion exchanger (Pharmacia) is 
equilibrated using 250 ml 0.05M Tris'HCl buffer pH 8.0. 100 ml of 
the above dialysed interferon containing solution ia applied to the 
column at room temperature. The column Is subsequently washed with 
50 ml equilibrating buffer* Bound Interferon is eluted using a 
linear gradient of 0 to 0.7M NaCl in 200 ml 0.05 Tris^HCl pH 8.0. 
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The pure interferon elates at about 0.3« NaCl. The active fraction* 
-how a single band with an apparent molecular weight of 19,000 when 
analysed on SDS polyacrylamide gels. The maximum capacity of the 
anion exchange column i. about 50 eg of hybrid interferon 
"B%D t DiD>". 

In an an-logous manner, hybrid interferon "B1D2B jBk" , "BjD^D.". 
"BiDzDjBt," , "BiB2B 3 D.," and "B1B2D3B,." can be purified. 

Example 27; Lvoohllisetion of hybrid interfe ron "BiD2DjDn" 

Interferon "B1D2D3D1," purified either via immunoaf f inlty chromato- 
graphy using monoclonal antibody 1" BS or via conventional chroma- 
tographic techniques (cf. Exmple 26) ie dielyeed against 0.5M 
NHvHCO, and aubaequently lyophilised. Small volumes of water are 
added twice to the lyophilieed sample in order to remove NH.HCO, 
completely. The solution la then relyophilised. 

{^constitution of interferon "B^PaD,." aolution ia performed aa 
follows: 0.5M MUHC0, pH 8.2 is added to the- lyophilieed eample to 
obtain an interferon concentration of about 0.1 mg/ml. The redis- 
a lved interferon haa a specific antiviral activity of 2-10 IU/mg 
which activity la identical to the corresponding value before 
lyophiliaation. 

Examole 28: Phveicochemic al charaeteriaation of hybrid Interferon s 

The hybrid interferon* according to the invention and the parental 
interferons are subjected to polyacrylamide SDS gel electrophoresis 
according to the method described by Laemmli iNature 227, 680 
(1970) J. The apparent molecular weights of the hybrid interferons 
given In Kilo-Daltons (kD) are summarized in Table 7. Tabl« 7 
contains alao the isoelectric points (pi) of the hybrid interferons 
as determined using LKB polyacrylamide gels containing Ampholine*. 
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Table 7: A PPfi"r»t molecular weight*, and isoelectric points of 
hybrid interf rons. 



I FN 



a-2 
a-3 

B)B 2 D a D4 
DjD 2 B 3 B* 

BiBzDjBi, 
BjD 2 D 3 Dt» 
BiDzBaD* 
B 3 D 2 D 3 Bi. 
BiD 2 B 3 Bi, 



app. molecular weight 



Pi 



27,000 
20.000 
27„000 
20,000 
27,000 
26,000 
19,000 
20,000 
20,000 
20,000 



5.2 
5.2 

5-6 (diffuse) 

5.0 

5.2 

5-6 (diffuse) 

5.4 

5.6 

5.5 

5.4 



The amino acid sequence of the hybrid interferon© according to the 
invention is determined using a 470 A protein sequencer from Applied 
Biosystems or using a 890 C Beckman sequencer. In both caeee 
automated Edman degradation is performed. The structure found is in 
full accordance with the expected one. The N- terminal amino acid is 
cysteine. 



Example 29! Effect of hybrid interferons on the level of (2'-5*) 
oligoisoadenylate synthetase activity in Daudi cells 



Daudi cells are seeded at 2 x 10* cells/ml in RPMI 1640 medium with 
10 % foetal calf serum containing the concentration indicated (cf. 
Table 8) of hybrid interferons "BifizBjDt", "BiDzBjB*", "BiD 2 DjD«/' 
and H BiB 2 DjBw M . After 24 hours treatment, 5 x 10* cells per sample 
are centrifuged (9000 rev/min) and resuspended in 500 ul of cold 
lysis buffer (20 mM 4~(2-hydroxyethyl)-l-piperazineethaneaulfonic 
acid buffer P H 7.5, 5 mM MgCl 2 , 120 mh KCl, 1 mM dithiothreitol, 
10 % glycerol, 0.5 % Nonidet P 40) and incubated for 2 min on ice. 
The samples are then centrifuged (9000 rev/min, 8 sin., 4"C) and the 
supernatant is recovered and assayed for (2 , -5')-olig isoadenylate 
synthetase activity as f Hows: 
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t .„t ta -ix.d with 50 vl of poly(«l>-l*C) IF-L 

Bi0Ch ti; I f a ti0n . The P oly<rI>.«C>-ad 8 rbed — > - 
reeved by centri g ^ Int „. 

incubated with 2.3 -M (• « nfi phoe . 

. , , fl h tt 30 W C, treated with bacteria* 
national) for 20 h at elulD ina 

Ph . t ... - — «~ ; : - 1„„ p „ ... 
<- v)> > ^ ^ im u98U) . UMlt . 

o..crib.d (H.rii» « ' u „.-*>-*i..i*- 

ln ,.«. . lot . t{ero „ «n. «).«« 

to the of .n.y.. activity 

.o.lvity 51.6 « " Ue) - 



Table 8 



IFN concentration 
nlte/mjj 



XFH ("B") 

"BiBaDa 0 *" 
"DiDjBsB*/' 
"B^B^u" 
,, B^D^BJB^ ,, 

"B.BzDaBi," 



Fold increase 
activity 



in a 1 -*') CA> synthetase 



Ipmole ATP incorporate^/1^ 



lie] 



1 


10 


3.6 


4.0 


2.2 


3.2 


3.4 


3.2 


2.6 


2.1 


9.4 


8.4 


5.6 


5.7 


5.8 


8.9 


5.6 


7.0 



100 



1000 




5.6 
3.9 
4.0 
4.3 
8.5 
11.4 
J7.5 
9.6 



r<on (parenteraj^gdmini.^ration) 

2 of hybrid iot.rf.ro- B.D.D, . ^ ^ q| „ 

!.,.!.» »oi»/.« - UIS » ""'•, • „ I. p ....d through . 

■«» • lk " 1 - ^ r ": Ul "' ".a ..iotion 1. . U bd„id.d o„d.r 

...ptic eoodition. i»ro 00 ,i ^ 

pot hybrid i„«rf.ron. It. U ^ .,„ pl . . t 

.d.l.i.tr«l.. .re pr.f.r.bl, ".red 

-20"C. 
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In th aaae manner, viala containing 5.2-10 6 or 1.04-10 7 unita may 
be prepared by using * or 8 eg, respectively, 0 f the hybrid inter- 



feron. 



In an analogous manner, viale containing hybrid Interferon 
"B.DsBjB,,", "BjEjOsBt,". "BjDzBaDii", "BiDaDjBn" or "BiBjBjD,," 
(specific activities 1.28*10 8 , 2«10 fl , 7.7-10 7 , 3.8»10 7 and 8«10 7 , 
respectively) can be prepared. 
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Claims for the contracting states BE, DE, FR, Gfi, IT, NL, SE f Ch\ LU 

1. A hybrid interferon polypeptide having an amino acid sequence 
composed of two to four sub-sequences corresponding in amino acid 
id ntity and number to sub-sequences of human lymphoblastoid 
interferons LyIFN-a-2 end LyIFN-a-3, said hybrid interferon poly- 
peptide being selected from the group consisting of a polypeptide 
having an amino acid sequence consisting of amino acids 1 to 150 of 
LyIFN-a-2 and amino acids 151 to 166 of LyIFN-a-3, a polypeptide 
having sn amino acid sequence consisting of amino acids 1 to 92 of 
LyIFN-a-2, amino acids 93 to 150 of LyIFN-c-3 and amino acids 151 to 
166 of LyIFN-a-2, end a polypeptide having an amino acid aequence 

c nsisting of amino acids 1 to 60 of LyIFN-o-2, amino acids 61 to 92 i 
of LyIFN-Q-3, amino acids 93 to 150 of LyIFN-a-2 or of LyIFN-a-3 and J 
amino acids 151 to 166 of LyIFN-a-2 or of LyIFN-a-3. | 

2. The hybrid interferon polypeptide "BiB^BaDi, " having the formula jj 

i 

CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASN ARG ARG ALA LEU ILE LEU .5 
LEU ALA GLN HET ARG ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 5j 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA jj 
GLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN THR PHE ASN LEU PHE V 
SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR LEU LEU ASP GLU PHE I 
TYR ILE GLU LEU ASP GLN GLN LEU ASN ASP LEU GLU SER CYS VAL MET GLN ; ! 

GLU VAL GLY VAL ILE GLU SER PRO LEU MET TYR GLU ASP SER ILE LEU ALA 
VAL ARG LYS TYR PHE GLN ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP GLU VAL VAL ARG ALA GLU ILE MET ARG SER LEU SER 
LEU SER THR ASN LEU GLN GLU ARG LEU ARG ARG LYS GLU 

according to claim 1. 
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3. The hybrid int rferon polypeptide "BiBjDjBw" having the f rroula 

CYS ASP LEU PRO CLN THR HIS SER LEU CLY ASN ARC ARC ALA LEU ILE LEU 
LEU ALA GLN MET ARG ARC ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 
ASP PHE GLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
GLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN THR PHE ASN LEU PHE 
SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR LEU LEU ASP GLU PHE 

m 

TYR ILE GLU LEU ASP GLN GLN LEU ASN ASP LEU GLU ALA CYS VAL KET GLN 
GLU GLU ARG VAL CLY GLU THR PRO LEU NET ASN ALA ASP SER ILE LEU ALA 
VAL LYS LYS TYR PHE ARC ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER PRO CYS ALA TRP GLU VAL VAL ARG ALA CLU ILE MET ARG SER PHE SER 
J.EU SER ILE ASN LEU GLN LYS ARG LEU LYS SER LYS GLU 

according to claim 1. 

4. The hybrid interferon polypeptide n BiD 2 BjD»" having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU CLY ASN ARG ARG ALA LEU ILE LEU 
LEU ALA GLN MET ARC ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS CLU MET ILE GLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP GLU ASP LEU LEU ASP LYS PHE 
CYS THR GLU LEU TYR CLN GLN LEU ASN ASP LEU CLU SER CYS VAL MET CLN 
GLU VAL GLY VAL ILE CLU SER PRO LEU MET TYR CLU ASP SER ILE LEU ALA 
VAL ARC LYS TYR PHE CLN ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP GLU VAL VAL ARG ALA GLU ILE MET ARC SER LEU SER 
LEU SER THR ASN LEU GLN GLU ARG LEU ARG ARG LYS CLU 



according to claim 1. 
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5. I,.e »»brld ,ol yP .plld. -1.D.M." ^l„s the f.r.»l. 

CVS ASP l» P»0 GLN THR HIS SER UU GLY ASN ARG ARC ALA LEU SU UP 

2 Z W KEI ARC ARC ILE SER PRO PKE SER CVS LEG LVS ASP AR «. 

ASP « GUJ PHE PRO GLN GLU CLU PHE ASP ASP LVS GLN PHE GLN LVS ALA 
2 Z SER VAL LEU H,S GLU NET IU GLN GLN ILE PKE AS. LEG - 

THR THR LVS ASP SER SER ALA ALA TRP ASP GLU ASP LEU » £ « « 
CVS THR GLU LEU TVR GLN GU. LEU ASN ASP LEU CU, ALA CVS AL « * 
CLU GLU ARC VAL CLV GLU THR PRO LEU NET ASN ALA ASP SER LE LEU 
VAL L- LVS TVR PHE ARC ARG ILE THR LEU TVR LEU THR GLG LVS LVS TVR 
S^ PRO CVS ALA TRP GLU VAL VAL ARG ALA GLU ILE HET ARG SER PHE SER 
LEU SER ILE ASN LEU GLN LVS ARG LEU LVS SER LVS GLU 



according to claim 1. 

The »,b t i- ^^»" " B ' 1>!D,D '" h " VinI t0 ™ U " 

„S ASP LEU PRO GLN THR HIS SER LEU GLV ASN ARG ARG ALA LEU ILE LEU 
Z Z GLN HET ARG ARC ILE SER PRO PHE SER CVS. LEU LVS ASP ARC HIS 
^ ^ PHE PRO GLN GLU GLU PHE ASP ASP LVS GLN PHE GLN LVS ALA 
^ Z SER 2 Z HIS GLU HET ILE GLN GLN IU PHE ASN LEU PHE 
Z 2 Z Z « SER AU ALA TRP ASP GLU ASP LEU UU ASP LVS PHE 
CV 2 CLU LEU TVR GLN GLN LEU ASN ASP LEU CLU ALA CVS VAL KET G » 
Z VAX GLV GLU THR PRO LEU HE, ASN ALA ASP SER ILE LEU AU 
VA L LVS LVS TVR PHE ARG ARG ILE THR » « » » « £ ™ 
SER PRO CVS ALA TRP GLU VAL VAL ARG ALA CLU ILE KET ARG 
LEU SER THR ASN LEU CLN CLU ARG LEU ARC ARG LVS CLU 

according to claim 1. 
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7. The hybrid interf ron polypeptide "BiDaBaB*" having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASK ARC ARC ALA LEU ILE LEU 
LEU ALA GLN MET ARG ARC ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE GLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
GLN ALA ILE SER VAL LEU HIS GLU MET ILE GLN GLN ILE PHE ASN LEU PHE 
THR THR LYS ASP SER SER ALA ALA TRP ASP GLU ASP LEU LEU ASP LYS PHE 
CYS THR GLU LEU TYR GLN GLN LEU ASN ASP LEU GLU SER CYS VAL MET GLN 
CLU VAL GLY VAL ILE CLU SER PRO LEU MET TYR GLU ASP SER 'ILE LEU ALA 
VAL ARG LYS TYR PHE GLN ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP GLU VAL VAL ARG ALA CLU ILE MET ARG SER PHE SER 
LEU SER ILE ASN LEU GLN LYS ARG LEU LYS SER LYS GLU 

according to claim 1. 

8. A pharmaceutical preparation that contains a therapeutically 
effective amount of a hybrid interferon according to claim 1. 

9. Use of a hybrid interferon according to claim 1 for the 
manufacture of pharmaceutical preparations. 

10. A hybrid interferon according to claim 1 aa antiviral or 
anti-neoplastic agent. 

11. A hybrid interferon according to claim 1 for use in a method for 
the therapeutic treatment of the human or animal body. 

12. A method for the preparation of a hybrid interferon according to 
claim 1 characterized in that host cells transformed with a hybrid 
vector which contains a DNA sequence coding for said hybrid 
interferon are cultured, and Bald hybrid interferon is isolated. 

13. The hybrid interferon polypeptide obtainable in accordance with 
the process according to claim 12. 



28/07 '96 MI 10:21 FAI +41 61 3227532 



NOVARTIS PATENT & TMARKS 



020540<J 

- 75 - 

It,. A hybrid vector comprising a DNA s quence which codes for a 
hybrid interferon according to claim 1. 

15. A host transformed with an expreeaion vector comprising a DNA 
aequence which codea for a hybrid interferon according to claim 1. 

16. A host according to claim 15 selected from the group consisting 
of a atrain of Escherichia coli end a strain of Saccharomycea 
cereviBiae. 

17. The monoclonal antibody 1*4 BS and derivatives thereof. 

18. A derivative of the monoclonal antibody 144 BS according to 
claim 17 selected from a '** I-labelled derivative and a conjugate 
with an enzyme. 

19. The hybridoma cell line with the designation 1*4 BS 22-6-19, 
which has been deposited on March 14, 1985 at the "Collection 
Nationale de Cultures de Microorganismes" , Institut Pasteur. Paria. 
under the number 1-424. 



i 
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Claims for th contracting state AT 

1. Process for th preparation f a hybrid interfer n polyp ptlde 
having an amino acid sequence composed of two to four sub-sequences 
corresponding In amino acid Identity and number to sub-sequences of 
human lymphoblaBtoid interferons LyIFN-o-2 and LyIFN-o-3 t said 
hybrid interferon polypeptide being selected from the group consist- 
ing of a polypeptide having an amino acid sequence consisting of 
amino acids I to 150 of LyIFN-a-2 and amino acids 151 to 166 of 
LyIFN-a-3, a polypeptide having an amino acid sequence consisting 

of amino acids 1 to 92 of LyIFN-a-2 t amino acids 93 to 150 of 
LyIFN-a-3 and amino acids 151 to 166 of LyIFN-a-2 , and a polypeptide 
having an amino acid sequence consisting of amino acids 1 to 60 of 
LyIFN-o-2, amino acids 61 to 92 of LyIFN-a-3, amino acids 93 to 150 
of LyIFN-a-2 or of LyIFN-a-3 and amino acide 151 to 166 of LyIFN-o-2 
or of LyIFN-a-3, characterized in that host cells transformed with a 
hybrid vector which contains a DNA sequence coding for said hybrid 
interferon polypeptide are cultured, and said hybrid interferon Is 
isolated. 

2. Process according to claim 1 characterized in that the hybrid 
interferon polypeptide is selected from the group consisting of 
hybrid interferon polypeptide "BiBjBjDi," having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASK ARG ARG ALA LEU ILE LEU 
LEU ALA GLN MET ARG ARG ILE SER PRO PHE SER CYS LEU LYS ASP ARG HIS 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
GLN ALA ILE SER YAL LEU HIS CLU MET ILE GLN GLN THR PHE ASN LEU PHE 
SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR LEU LEU ASP GLU PHE 
TYR ILE GLU LEU ASP GLN GLN LEU ASN ASP LEU GLU SER CYS VAL MET GLN 
GLU VAL GLY VAL ILE GLU SER PRO LEU NET TYR GLU ASP SER ILE LEU ALA 
VAL ARG LYS TYR PHE GLN ARG ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP GLU VAL VAL ARG ALA GLU ILE MET ARG SER LEU SER 
LEU SER THR ASN LEU GLN GLU ARG LEU ARG ARG LYS GLU t 

hybrid interferon polypeptide "BifijDifiii " having the formula 



1 



i 
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CYS ASP LEU PRO CLN THR HIS SIR LEU CLY ASN ARC ARC ALA LEU ILE LEU 
LEU ALA GLK MET ARC ARC ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 
ASP PHE CLU PHE PRO CLN GLU CLU PHE ASP ASP LYS CLN PHE CLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS CLU MET ILE CLN CLN THR PHE ASN LEU PHE 
SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR LEU LEU ASP CLU PHE 
TYR ILE CLU LEU ASP CLN GLN LEU ASN ASP LEU CLU ALA CYS VAL MET GLN 
CLU CLU ARC VAL GLY GLU THR PRO LEU MET ASN ALA ASP SER ILE LEU ALA 
VAL LYS LYS TYR PHE ARC ARC ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER PRO CYS ALA TRP CLU VAL VAL ARC ALA CLU ILE MET ARC SER PHE SER 
L£U SER ILE ASN LEU CLN LYS ARC LEU LYS SER LYS GLU, 

hybrid interferon polypeptide "B.D^D," having the formula 

CYS ASP LEU PRO GLN THR HIS SER LEU GLY ASN ARC ARC ALA LEU ILE LEU 
LEU ALA CLN MET ARC ARC ILE SER PRO PHE SER CYS LEU LYS ASP ARC HIS 
ASP PHE CLU PHE PRO GLN GLU GLU PHE ASP ASP LYS GLN PHE GLN LYS ALA 
CLN ALA ILE SER VAL LEU HIS GLU MET ILE CLN CLN ILE PHE ASN LEU PHE 

THR THR LYS ASP SER SER ALA ALA TRP ASP CLU ASP LEU LEU ASP LYS PHE , 
CYS THR CLU LEU TYR CLN CLN LEU ASN ASP LEU CLU SER CYS VAL MET CLN | 
CLU VAL GLY VAL ILE GLU SER PRO LEU MET TYR GLU ASP SER ILE LEU ALA | 
VAL ARC LYS TYR PHE GLN ARC ILE THR LEU TYR LEU THR GLU LYS LYS TYR 
SER SER CYS ALA TRP CLU VAL VAL ARC ALA GLU ILE MET ARC SER LEU SER 
LEU SER THR ASN LEU GLN CLU ARG LEU ARC ARC LYS CLU, 



hybrid interferon polypeptide «*>DzW having the formula 
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CYS 


ASP LEU 


PRO 


GLN 


THR 


HIS 


SER LEU GLY ASN 


ARG 


ARC ALA LEU 


ILE 


LEU 


LEU ALA GLN 


MET 


ARG 


ARG 


ILE 


SER PRO PHE SER 


CYS 


LEU 


LYS ASP 


ARG 


HIS 


ASP 


PHE GLU 


PHE 


PRO 


GLN 


GLU 


GLU PHE ASP ASP 


LYS 


GLN 


PHE GLN 


LYS 


ALA 


GLN ALA ILE 


SER 


VAL 


LEU 


HIS 


GLU MET ILE GLN 


CLN 


ILE 


PHE ASN 


LEU 


PHE 


THR THR LYS ASP 


SER 


SER 


ALA 


ALA TRP ASP GLU ASP 


LEU 


LEU ASP 


LYS 


PHE 


CYS 


THR GLU 


LEU 


TYR 


GLN 


GLN 


LEU ASN ASP LEU 


GLU 


ALA 


CYS VAL 


MET 


GLN 


GLU 


GLU ARG 


VAL 


GLY 


GLU 


THR 


PRO LEU MET ASN 


ALA 


ASP- SER ILE 


LEU 


ALA 


VAX 


LYS LYS 


TYR 


PHE 


ARG 


ARG 


ILE THR LEU TYR 


LEU 


THR 


GLU LYS 


LYS 


TYR 


SER 


PRO CYS 


ALA 


TRP 


GLU 


VAL 


VAL ARG ALA GLU 


ILE 


MET 


ARG SER 


PHE 


SER 


LEU 


SER ILE 


ASN 


LEU 


GLN 


LYS 


ARG LEU LYS SER 


LYS 


CLU, 


• 






hybrid interferon polypeptide ' , BlD^D3D^ l, having 


the 


formula 






CYS 


ASP LEU 


PRO 


GLN 


THR 


HIS 


SER LEU GLY ASN ARG 


ARG 


ALA LEU 


ILE 


LEU 


LEU 


AUi GLN 


MET 


ARG 


ARG 


ILE 


SER PRO PHE SER 


CYS 


LEU 


LYS ASP 


ARG 


HIS 


ASP 


PHE GLU 


PHE 


PRO 


GLN 


GLU 


GLU PHE ASP ASP 


LYS 


GLN 


PHE CLN 


LYS 


ALA 


GLN 


ALA ILE 


SER 


VAL 


LEU 


HIS 


CLU MET ILE GLN 


GLN 


ILE 


PHE ASN 


LEU 


PHE 


THR 


THR LYS 


ASP 


SER 


SER ALA ALA TRP ASP CLU 


ASP 


LEU 


LEU ASP 


LYS PHE 


CYS 


THR GLU 


LEU 


TYR GLN 


GLN 


LEU ASN ASP LEU 


GLU 


ALA 


CYS VAL 


MET 


CLN 


GLU 


GLU ARG VAL GLY GLU THR PRO LEU MET ASN ALA 


ASP 


SER ILE 


LEU ALA 


VAL 


LYS LYS 


TYR PHE ARG ARG 


ILE THR LEU TYR 


LEU 


THR 


GLU LYS 


LYS 


TYR 


SER 


PRO CYS 


ALA 


TRP 


GLU 


VAL 


VAL ARG ALA GLU 


ILE 


MET ARG SER 


LEU 


SER 


LEU 


SER THR ASN 


LEU 


GLN 


GLU ARG LEU ARG ARG 


LYS 


GLU, 









and hybrid interferon polypeptide "BiDzBjlV having the formula 



i. 
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::i:=:=========Es 

CVS THR GLV LE nR ^ SER Itt U» M* 

z « « « « * » » - - - ~ cw " s l : hi 
r,: «; - - - «■ - - « « » ~ sra - sra 

UB SER IU AS« l» CM «■« *» l " C, - U ' 

3 P t oce.. .ooordio. to > '« "» ' '« h " > ' ld 

, "B BzBjD*" ch.r.ct.rltod 1. th.t th. hybrid »«t« 
l„t.rf.ro» »,».».». 

cont.ln. . »»A ..Q»«»« """"" f ° r 

Itoin. . DNA ..,-».. o.din, »" 1 "" tf "° D - 

5 P„e... ..c.tdin, » cl.i. 1 f« •»« P"P"«""> •« **" 4 

It.in. . DMA o.din, for hybrid int.rf.r.n. 

» Pro.... .oc.rdin, to ti.i. 1 for th. pr.P-r.tion of hybrid 

.' f ton "B.D.D.B." oh.r.tt.rL.d in th.t th. hybrid vet., 
interferon aji'.J*'**' 1 * 

, Prot... .ocordln, to tl... 1 for th. proportion ot hy.rid 
It to. -»,D. Bl »." oh.rdtt.ri.od in th.t th. hyhr id vector 
It.in. . DNA ..,».no. cod.n, for ..id hybrid int.rf.ron. 

8 Prot... .oc.rdin, to del. . for th. pr.P-r.tion .« hyhrid 
interferon ■»,..»*■ — » ^.t th. h, b r d v.or.r 

"ntnin. . P»* ' «- «* hl,btld ln, " £ " 
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9. proc««i. ftcorrting to claim 1 comprising the et pe of 

a) preparing a DNA comprising the structural gene coding for eaid 
hybrid interferon by in vitro recombination at the sites correspond- 
ing to amino acids 60, 92 and 150. respectively . of interferon 
LyIFK-o-2 and LyIFN-o-3 or by chemical DNA synthesis and incorporat- 
ing the obtained DNA into an appropriate expression vector, 

b) transferring the obtained hybrid vector carrying the hybrid 1FN 
structural gene into a recipient host, 

c) eelecting transformed hoeta from untransf ormed hoata by culturing 
under such conditions where only the tranaformed hoata survive. 

d) culturing the tranaformed hosta under conditiona which allow 
expression of the hybrid I FN structural gene, and 

e) isolating the expressed hybrid IFN. 

10. Process for the preparation of a hybrid vector comprising a DNA 
aequence coding for a hybrid interferon polypeptide having an amino 
acid aequence composed of two to four' sub-eequencee correaponding in 
amino acid identity and number to sub-sequences of human lympho- 
blaatoid interferons LyIFN-o-2 and LyIFN-o-3, said hybrid interferon 
polypeptide being selected from the group consisting of a polypep- 
tide having an amino acid aequence consisting of amino acids 1 to 
150 of LyIFN-o-2 and amino ecida 151 to 166 of LyIFN-o-3, a polypep- 
tide having an amino acid aequence conaiating of amino acida 1 to 92 
of LyIFN-o-2, amino acida 93 to 150 of LyIFN-o-3 and amino acids 151 
to 166 of LyIFN-a-2, and a polypeptide having an amino acid aequence 
consisting of amino acida 1 to 60 of LyIFN-a-2 , amino acida 61 to 92 
of LyIFN-o-3, amino acid B 93 to 150 of LyIFN-o-2 or of LyIFN-o-3 and 
amino acids 151 to 166 of LyIFN-a-2 or of LyIFN-o-3, comprising 
preparing a DNA compriaing the structural gene coding for eaid 
hybrid interferon by in vitro recombination at the eitee correspond- 
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n 60 92 and 150, rasp ctively. of interferons 
ing to amino acida 60. 92 and 15 ^ incorporflt . 

LylFN -o-2 and LylFN-o-3 or by vector . 
lnB the obtain^ DNA into an appropriate expres 

. „f a host transformed with a hybrid 
n . Process for the preparation of a host 

vector c prising a DNA sequence coding (• f ^ 

8ub -ae q uence 6 corresponding in -in o _ 2 end 

B «nces of human bein g eeiected from 

LylFN- -3. said ^f^^^ >n amino acid seance 
th gr UP consisting o o y P P ^ ^ ^ ^ 

con.ie.ing o a ,d - ^ _ ^ ^ 

te H6 of LyIFN-o 3, P TP P ^ acida „ to 

existing of amino add. 1 to 92 o y ^ ^ 

150 of LyIFN-o-3 and amino acida 151 [ q£ aBino acids 

~ c^no acid sequence consisting 

i „ 6 o 6f " / . \„ d .cia. ,5. « .« - 

LvlFN-o-2 or of LylrN » J t cu ■* 99 
£ rl d ebt.ln.ole » ° £ CU1 * 

\ 11 .elected fee. th. ,..-P con...ti». ef . .»«««-* 



strain. 



, . for the preparation of a pharmaceutical composition 

13 . Pr oce . fo the P P ^ 

ch „acteri ie d in that a y ^ ^ pUt «..t±- 

sccording to the method of claim 
cally acceptable carrier. 

. for the preparati n of the monoclonal antibody 144 BS 
U . A P—ae for the P P ^ ^ ^ 

and derivatives thereof, cnarec 



lln 144 BS 22-6-19 



0205404 



- 82 - 



a) ie cultivated In vitro and the roonocl nal antibody Isolated 
from the culture supernatant , or 

b) la propagated In ylvo In a suitable mammal and the monoclonal 
entibody recovered from body fluids of said mammal, and, If 
desired 

c) the obtained monoclonal entibody Is converted Into a derivative 
thereof* 
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LU __ 1: CogjE " f th « ™ in0 « cld ~ ^ ' ° f l y 1FN -°' 2 



LvIFN-o-3 

16 

,2 CYS ASP LEU PRO OtH THR HIS S f LEU CLY ASS ARC ARC ALA LEU ILE 



o 

o-3 



32 



,2 u* LRU ALA CL» HRT ARC ARC LLE SLR PRO PRE SER CYS LRU LYS ASP 

SER 43 



o 

a- 3 

»-2 ARC HIS AS? PHE GLU PHE FRO CLN GLU CLU PHE ASP ASP LYS GLK PHE 

o-3 GLY 60 64 

a _ 2 CLN LYS ALA GLN ALA ILE SER VAL LEU HIS GLU MET ILE GLK GLN THR 

a-3 PR° 80 

a-2 PHE ASN LEU PHE SER THR LYS ASP SER SER ALA ALA LEU ASP GLU THR 

a-3 THR 92 96 

a 2 LEU LEU ASP GLU PHE TYR ILE GLU LEU ASP CLN GLN LEU ASN ASP LEU 

0 _ 3 LYS CYS THR TYR ^ 

::\ CLU s CYS VAL m GLK GLU - S VAL gly CLU £ pro uu ^ 

a-2 TYR GLU ASP SER ILE LEU ALA VAL ARG LYS TYR PHE GLN ARC ILE THR 
«-3 ASN ALA LYS M 144 

a -2 LEU TYR LEU THR GLU LYS LYS TYR SER SER CYS ALA TRP GLU VAL VAL 

°' 3 150 160 

e -2 ARG ALA GLU ILE MET ARG SER PHE SER LEU SER ILE ASN LEU GLN LYS 

0-3 166 
o-2 ARG LEU LYS SER LYS GLU 
a-3 ARG ARG 



I' 
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1 Sau3A mAt . srr rTG GGT AAC AGG AGG GCC TTG ATA 

°:\ S SHS S - 3 3 3 3 3 - - « ~ «. - 

— tct CCT TTC TCC TGC CTG AAG GAC 

"I £ So Si 3 3 33 « £ CCT TCC TCC TOT CTC ATC CAC 

r> z ss s s si s s s 3 = s s s is s s 

•1 SiS 5 3 S S 3 3 S 3 3 3£ 3 3 3 
r? 3 2S c c t t c c S 5 £ 3 SS £ 5 S S 3 3 3 3 
•1 « a 3 3 S 3 S 3 3 3 3 St 3 3 3 
°- - IS S 3 S 3 3 3 3 3 3 3 3 3 3 3 

' ° ,, Tr , rr aaa TAC TTC CAA AGA ATC ACT 

r4 3 3 3 3 3 3 3 3 3 3 * - - «e « 

tap Arc TCT TCT GCC TGG GAG CTT CTC 
0 - 2 CTA TAT CTG ACA GAG AAG AAA TAC AGC TCT TCI ^ ^ ^ ^ ^ 
a -3 CTC TAT CTG ACA CAG AAG AAA TAC ^ 

- a £ 3 3 3 S 3 S S £ 3 3 S 3 3 
1 Z s3333a3333S3SSSKSS 

- ^SSK33S3SS5SS3S3S3SS3 
: -4 SS3SK23S3SSS3SS3SSS3S 

L TAAATCTTTATTTACTTAACTATCTATAGCGCTTAAATTACITTICTTCATATTATATTATCI 

V\ CTTCCTTATATTTACTCAAATTCATTATTTT 

CAACTTTTACATTGTCAATTGTCTAACAAAAACATCTTCTTTATATTTATTAITTIGCCTTCT 



,-2 TTATTAAATTTTTACTATAC. 
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.q - 4 



CPM 




iFNa type b Concentration (IU/ml) 



i 
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